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PREFACE. 



The original geological survey of this area by Do la Beche 
was published during the years 1834 and 1835, almost wholly 
on Sheets 24 and 25 of the old series one-inch maps. These 
sheets were revised in 1839, when the " Carbonaceous series " 
was separated from the ** Grauwacke series"; and about the 
year 1846 (or 1845) the classification and colouring were modi- 
fied. De la Beche then adopted the term Devonian Rocks, 
jtnd stated on the index of colours that they were represented 
by " A provisional colour, as there is reason to consider that 
the rocks included under this head in Cornwall and Devon are 
equivalents of Carboniferous Limestone, Old Red Sandstone, 
and Upper Silurian Rocks." The igneous rocks and the 
Devonian limestones were separated from the mass of slates 
and grits on De la Beche's map, but the succession of the rock- 

§ roups, and the intimate structure of the area had not been 
etermined. 
In his monumental * Report on the Geology of Cornwall, 
Devon and West Somerset,' published in 1839, De la Beche 
described the leading types of rock, and made many sugges- 
tions with regard to their correlation that have not stood the 
test of later detailed researches. Nevertheless, his facts were 
noted with such precision that the present author, from 
experience he had gained in the Devonian area of South 
Devon, was enabled so to interpret De la Beche's observations 
as to be able to give in 1890 a forecast of the probable 
structure in the Devonian rocks of Cornwall. Mr. Ussher 
then represented on a small map of that county the equiva- 
lents of the main divisions which with great care and labour 
he had established in Devonshire. It is interesting to find 
that the great structural feature in the Plymouth area, the 
faulting that displaces the Lower Devonian rocks and brings 
them for some distance against Upper Devonian, was depicted 
on that map of 1890, and that the main sub-divisions, which 
Mr. Ussher has established in Devonshire, have been confirmed 
by the detailed work since carried out by the Geological 
Survey. 

The area represented by this map was surveyed on the six- 
inch scale by Mr. Ussher, who has also written the memoir. 
The petrology of the igneous rocks has been dealt with by 
Dr. J. S. Flett, and Mr. D. A. MacAlister has contributed 
particulars relating: to mines and minerals. The author of 
the memoir has given an historical account of the progress of 
geological knowledge in the area, and he has also compiled 
a bibliography which is printed as an appendix. 

J. J. K TEALL, 

Director. 

Geoloffical Survey Office^ 
28, Jermyn Street, London, 
7th October, 1907. 
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NOTE. 



The following is a list of the six-inch Greological Maps 
included in the area, of which MS. coloured copies are depositedf 
for public reference, in the Library of the Greological Survey and 
Museum of Practical Geology : — 
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CHAPTER I. 
INTRODUCTION. 

The land area comprised in Sheet »i48 is about IGG square 
miles, of which 27 sqiuire miles on the east side of the Tamar 
is in Devon, the rest in Cornwall. Of this area more than 
100 square miles lies within the catchment basin of the Tamar 
and its tributaries, the Lynher and Tavy. The western part of 
the map is drained by the confluent East and West Looe rivers, 
and between their catchment basin and that of the Lynher a 
narrow strip of about ID square miles forms the drainage area 
of the Seaton. 

The coast line extending from Plymouth to Polperro is 
breached by the Tamar estuary, opening into Plymouth 
Sound opposite Drake's Island, and by the outlet of the 
Seaton river and the Looe estuary. Rame Head promon- 
tory separates Plymouth Sound from Whitesand Bay. Looe 
Island lies oii* the coast between Looe and Portnadler Bavs. 

The Three Towns, Devonport, Stonehouse, and Plymouth 
(all but its eastern suburbs), are within the eastern border of 
the map. Besides the towns of Liskeard, Looe, and Saltash. 
there are numerous large villages and hamlets in the area, 
amongst which Beer Alston, Taonerton Foliott, St. Germans. 
Torpoint, Millbrook, and Polperro may be mentioned. 

Tne coast scenery is tine, more especially near Rame Head, 
Sharrow Point, St. Germans Hut, and Polperro, and tho 
varied colours of the Lower Devonian rocks which form the 
cliflEs ^dd in no small degree to its picturesque aspect. 

The very hilly character of the country tends to circum- 
scribe the views in the inland districts but the river scenery is 
very attractive, the quiet sylvan aspect of the Looe nud Se.afon 
valleys contrasting with the life and motion of the lower ship- 
studded reaches of tho Tamar. The greatest elevation, 
(MJO feet, is attained hy'the liower Devonian rocks in Bin 
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INTHODtJCjiIOX. 3 

it will be seeu that Worth, in common with all previous 
observers, regarded the slates and volcanic rocks on the north 
of the Plymouth limestone as the older, and the slates and grits 
on the south of it as the newer, rocks. The section from 
Mount Ijatten southward is then given in parallel columns 
recording the observations of Sedgwick and Murchison, of 
Phillips, and his own remarks. As this section is for the most 
part within the border of Sheet 'J4y, it is only necessary to 
remark that the Dartmouth slates which form a conspicuous 
part of it from Andurn Point southward are not specially 
referred to in any of the columns. Nor is there any reference 
to the Polperro beds or to the occurrence of similar strata in 
the Plymouth section. There is no allusion to the work of 
the liev. D. Williams in this district in Worth's paper. 
Williams contributed an important paper on * The Killas 
Group of Cornwall and South Devon ' to the It oval Geological 
Society of Cornwall in 184'J. In this paper he traces the 
fish-bearing killas from Man Sands by East Allington and 
Avetou Gitt'ord to near the mouths of the Erme and Yealm, 
as a syncline from Slapton Sands to Bigbury Bay, evers'where 
resting conformably on the red and grey grits and red slates 
of the metalliferous killas (his Killas Group No. J]). He 
further notes that these beds form the greater part of the cliffs 
round Whitsand Bay, w^here they seem to pass into and under- 
lie the metalliferous killas; that they set on at Hannafore, 
and at Hendrasick (llendersick) Cove are cut off against 
Killas No. 3. From thence he traces the iisli-bearing killas 
into the Fowey and Lostwithiel districts with remarkable 
accuracy. It would thus appear that Williams had antici- 
pated my detailed work in tracing the Dartmouth slates to 
Polperro by about 45 years. He correlates the Plymouth 
limestone with the calcareous rocks of Looe and Hessenford. 
In a supplement communicated later he gives the concordant 
opinions of De la Beche, Sedgwick, Murchison, and Phillips 
as to the '[Staddon] grits being above the Plymouth limestone. 
Minard's Cross and other places in the area are mentioned.^ 

In 18(>7-8 Jukes ^ correlated the [Staddon] grits with the 
Coomhola grits of Ireland, and suggested an inverted anti- 
clinal structure in them bringing them well under the Ply- 
mouth limestone. He gave an admirable section from Berry 
Head to Start Point, in which the Dartmouth slates are 
correlated with the Old Red Sandstone, and shown as a com- 
plex anticline. 

TIolTs stratigraphical paper, communicated to the Geo- 
logical Society in 1868, is memorable for his insistence 
on the repetition of the rocks by folds, often inverted. 
His map affords an excellent illustration of the views 
he, in common with tfie earlier geologists, entertained as to 
the Lower South Devon Group on the north of the limestones 
and the occurrence of the Upper South Devon Group on the 

> Trarut. If Off Oeol. S^w, Corv,^ 1846, |>}». 122 and 234. 

» Joum. Boy, Geol. Soc. of Trrlan^, No v Ser. , vol. ii ., pp. 82, 83, and 7«. 
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south of them. The considerable imcoiiformity between the 
Culm and Devonian rocks maintained by him is a necessary 
corollary to this descending section of the Devonian north- 
ward. He perceived the anomalous position of the Petherwin 
beds on this view, and attempted to do away with the fossil 
evidence of their Upper Devonian age. S. 1{. Pattison com- 
mented on Holl's paper in 1872, more particularly us 
regards the position of rocks previously assigned to the 
Upper Devonian. The revolutionary character of the views 
set forth in the author's map published in 1891^ as regards the 
general succession was pointed out by K. N. Worth in a paper 
communicated to the same Society,- in which they were 
criticized in a thoroughly fair and scientific manner. 

As regards the Carboniferous rocks of the area, Dr. lloll 
was the first to point out their occurrence so far south as 
Painter's Cross. In the vicinity of Beer Alst<m Culm Mea- 
sures were detected during the construction of the South- 
western Line in 1888, as recorded in the " Transactions ' of 
the Devon Association for 1889, in which a valuable paper 
by K. N. Worth on the geology of the railway will also be 
found. The disco verv of radiolarian rocks in the St. Mellion 
Culm Outlier by Mr. II. Fox was announced in the * Trans- 
actions ' of the Devon Association in 189(3, a vear before the 
resurvey of that neighbourhood was begun. Subsequent 
references to the St. Mellion Culm Measures and Lower Culm 
Outliers near Tamerton Foliott will be found in papers pub- 
lished by the Somerset Archaeological and Xatural History 
Society in 1900, and by the Institution of Mining Engineers 
in 1901. The grits of Wearde and St. Erney are wrongly 
included in the Culm Measures in these papers, as the slides 
examined exhibited no traces of volcanic origin. 

De la Beche seems to have regarded the Trappean rocks of 
the St. Budeaux, Saltash, and St. Urney districts as mainly 
contemporaneous tufi's and hivas, and in the mention** of the 
associated greywacks being ** occasionally arenaceous " may 
have referred to these grits. 

I{. N. Worth in 1880 speaks of these sandstones as ** tuffs/' 

In the well-known work of J. A. Phillips ' On the so-called 
Greenstones of Central and Eastern Cornwall ' (1878) several 
occurrences of intrusive and contemporaneous igneous rocks 
in this district are specially referred to. He regarded the 
crystalline greenstones as dolerites of which examples from 
Hatt, Cumble Tor, Grove by the Lynher, Burraton Coombe, 
Antonv Passage, and Fordex Lake (Wearde) are given. Ho 
points^ut the nature of the changes these rocks have under- 
gone in the processes of uralitization. The prcs(?nce of mica 
in the igneous rocks of Popes Mill (between Liskeard ami 
Menheniot), at Wearde (Forder Lake), and in the neighbour- 
hood of Saltash is pointed out. On the north l)oundary of 

I In Trans. Roy. Qeol. 8oc, Corn. 
3 Ibid., 1892. 
» Report, p. 63. 
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Sheet 348, near Tremabe, north of Liskeard, we are approach- 
ing the St. Cleer district, and to some of the igneous boulder 
masses met with and to the hornstones associated with the 
shitos the descri])tions of the St. Cleer Dowiuj hornblende- 
slates and crystalline dolerite by Phillips apply. In this 
connection the early work of the Rev. J. Rogers in 1822,^ 
referred to by Phillips, must not be lost sight of. A series 
of pap(»rs by Worth dealing more especially with the igneoiig 
rocks of this area appeared in the * Transactions ' of the Ph'- 
mouth Institute and m the * Transactions ' of the Devon Asso- 
ciation in the years 188(), 1887, and 1888. Two of these, 
' Xotes on the Igneous Rocks of South-East Cornwall and 
their Stratigraphical Values,' and * The Igneous and Altered 
Rocks of South- West Devon,' are deserving of special atten- 
tion. In the last mentioned he acknowledges the assistance 
he received from Professor Bonney and Dr. Teall. The pic- 
rite of Clicker Tor, proterobases of Grove, Treluggan, Notter, 
&c., are specially referred to. The Clicker Tor Rock is figured 
ill TealTs * British Petrography.' Worth gives a general des- 
cription of the contemporaneous volcanic rocks with special 
reference to rocks at Mount Batten, Drake's Island, St. 
Budeaux, Widey, JFonicknowle, St. Andrew's Churchyard, 
Landrake and other places, amongst which the greywackes of 
Conipton and Crabtree (in Sheet 349) are described as tuffs. 

The pajiors hitherto cited have reference to the general 
structure of the area. AVe have now to refer to the work by 
which the individual sulxlivisions of the Devonian rocks were 
brougfht into prominent notice. In this respect the name of 
i\ W. Peach will ever be associated with the fossiliferous 
rocks of Looe (sometimes called the Looe beds) and with the 
variegated slates of Polperro and Talland (proved to be in 
continuity with the Dartmouth slates). 

Peach's earlier papers were communicated to the Royal 
Geological Society of Cornwall in 1841, 1842, and 1843. *In 
1841 he gave a list of organic remains found in the Looe beds 
with localities many of which are to be found in this map 
in the vicinity of Looe and Millendreth. lie named the lime- 
stone patches (which I have referred to as * monticuliporoid 
limestone ' in the Memoirs on the Torquay and Kingsbridge 
areas) ** Cornish entrochal marble," and notes the occurrence 
of Spiriferfp, Pro(tuct(r, Turhinoh'rr, crinoids, &c., at East Looe 
and Millendreth. In the same paper he records the observa- 
tion of similar fossils to those of South-East Cornwall in the 
slates of Meadsfoot Sand near Torquay, and in the cliffs 
between Paignton and Brixham. The occurrence of fossils 
at Trcgrill Quarry near Menheniot in slates with limestone 
is also referred to. 

In 1843, in a paper on * The Fossil Fishes of Cornwall/ he 
notes the discovery of Cephilasjfis, Cfenncdnfhus, IJofopiychius, 
with nelJerophon, and TurriteUa, as belonging to the Old 
Red, and of Onchua and S^haqoflu.'i as belonging to the Tpper 

» Tram. Hoy. GeoU foe, Corn., vol. ii., p. 218. 
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Ludlow, and cites Sedgwick and Murchison as to the Polperio 
fish-beds being beneath the fossil if erous Looe beds, and 
Phillips' opinion as to their being equivalent to the Corn- 
stones of Hereford. 

In a letter to Sir Charles Lemon published in the same volume 
(vol. vi., p. *J17), in 1846, Murchison speaks of having regarded 
the rocks in which Peach's fish were found as " forming the 
axis of South Devon and Cornwall, which I had always con- 
sidered t<) be the oldest in that country,'* but after the dis- 
covery of Silurian Orthidce in Gerrans Bay regarded the 
Polperro fish-beds with 1 idler (vphan trUoh<Uus and hoxoncma 
lincta, Phill., as transition beds from Silurian to Devonian. 
He also states that Sir Philip Egerton considered Peach's 
fossils enigmatical, more allied to Bothriolejm than to 
Cephalasjns and Holoptychius, and in general appearance 
diiferent from any Devonian or Old Red fish he had seen. In 
a later paper^ M)n the Fossil Fish of Cornwall' Peach gives 
the history of his discoveries of these remains in the Polperro 
slates. In a later paper in the same volume (p. 5*^) Lo.ronema 
and IJe/lcrnphon bfJoh/tfus are said to occur in the same rcK'ks 
as the fish remains. The supposed sponges, StegaiKxlictyn of 
McCoy, wore pronounriMl by E. Wyatt Edgoll in the Geologiail 
Ma(f<izit}e of May, 18(18, to be Pteraapis. 

In 1880 Peach noted the abundance of ^^r^tf/haspis cornuhicvs 
(the cephalic plate of a pteraspidean fish) at Polperro.^ 

Dr. Jonathan Couch and Kicliard Q. Couch contributed 
papers on fossils and on the occurrence of fish remains in the 
Dartmouth slates of this coast. 

The latter'* contributed a paper to the Iloyal Geological 
Society of Cornwall in 1844, in which he points out the locali- 
ties on the coast between Looe and Fowey in which fi.sh 
remains in the greatest abundance and most perfect condition 
were to be found, and notes the occurrence of Bellerophon in 
the slates of Talland Bay. This paper, entitled ' On the 
Silurian Bemains in the Strata of the South-Easf Coast of 
Cornwall,' is of considerable local value. 

The rocks of the Liskeard district have been described by 
John Giles.^ 

This notice was begun by a digest of one of the late 
R. N. Worth's papers^; it fitly concludes with a reference to 
the work of that geologist, who in the course of a busy life 
found time to contribute more largely to the geology of this 
area than any of his predecessors, and to call attention to 
phenomena that had escaped their observation. Careful as an 
observer, clear as an exponent, cogent as a reasoner, courteous 
as an opponent, the name of B. N. Worth is indissolubly con- 
nected with the annals of Devon and Cornish geology. 

1 Trans, Ihy. GeoL ^oCy Com., vol. ix. 

2 /&///., vol. X., p. 90. 

5 Jhid., v(»l. vi., p. 147. 

* Ibid., vol. vii., pp. 93, 155, 169 and 199. 

^ For titles, see Appendix. 
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Tobies of Fortruitions. 

In the following table of the Stratihed Kocks met with in 
Sheet 348, the cavern deposits and the division between the 
upper and lower parts of the Upper Devonian cannot be indi- 
cated on the map. As will be seen later, the separation of the 
Middle from the Lower Culm and of the Upper from the 
Middle Devonian is in some cases very unsatisfactory : — 
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The following is a table of the Igneous Socks, with some 
of the localities where the types may be seen : — 
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Cartography. 

The area of Sheet 'H8 is mainly included in Sheets 24 and 25 
of the old (Jrdnance Geological maps, but its western border 
enters Sheets 30 and 31. These maps pourtray the geology of 
the area as one unsubdivided formation, the Devonian, Apart 
from dips the details consist of : A fairly accurate representa- 
tion of the extension of the Plymouth, limestone and of its 
termination at Cremyll; a lenticular patch of limestone cross- 
ing the Seaton valley, south of Hessenford, in a north-easterly 
direction; a series of lenticular patches and strips of green- 
stone generally striking east and west, and occurring at 
intervals in the line of country extending from Ford and St. 
Budeaux bv Saltash and Menbeniot to the vicinity of Lis- 
keard; a patch of serpentine at Clicker Tor, Menheniot 
Station ; and two patches of columnar porpbyritic rock, tbe 
larger on the shores of Cawsand Bay the smaller near Withnoe. 

When we turn to Chapter III. of De la Becbe's Report we 
find that tbe structure of the district is interpreted by tbe 
dips and strikes of the rocks, to a great extent independently 
of tlieir lithological characters, and that taking tbe Plymouth 
limestone as an horizon the rocks with greenstones or * schistose 
tra])p(ean ' bands on tbe north were regarded as older than 
the Plymouth rocks. 

The calcareous fossiliferous rocks of Looe, in which are 
included tbe limestones south of Hessenford and tbe variegated 
slates of Talland and Polperro, are specially mentioned. Tbe 
former (pp. 78, 79) were thought to pass eastward into tbe 
slates with trappean rocks of St. Stephens and Saltash, tbe 
latter were supposed (p. 81) to agree in geological position 
with the Plymouth rocks, whilst calcareous beds (tbe same 
scries as that south of Hessenford) on tbe coast of Whitsand 
liay between Trewinnow and Tregantle were regarded as tbe 
probable prolongation of tbe Plymouth limestone westward. 

Correlations such as the above tended to confuse tbe succes- 
sion of tbe Devonian rocks, which through reliance on direc- 
tion of dip had been taken as a descending one from the Ply- 
mouth limestone northward, and in conseciuence tbe structure 
of tbe Devonian rocks of Cornwall, to which tbe area com- 
prised in Sheet 348 furnishes the key, remained practically 
imknown until the year 1890. 

In that year the resurvey of tbe Devonian rocks in the 
Torquay and Totnes area bad sufficiently advanced to put the 
writer in a position to dissever the facts given in Chapter III. 
of De la Becbe's Beport from tbe suggestions as to correlations 
with which they were interwoven. It then became apparent 
that the succession bad been misread through reliance on 
cleavage dips and reversed dips in bedding, and that the exist- 
ence of a great structural faulting, by which the Lower 
Devonian outcrop was shifted from Mount Edgcumbe north- 
ward toward Menheniot, had been overlooked. This faulting 
cuts off Upper and Middle Devonian rocks on their strike 
against the subdivisions of the Lower Devonian. For 
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example, near Bonialva, north of Ilessenford, red and greenish 
slates of the lowest subdivision of the Lower Devonian (the 
Dartmouth slalea) are brought into proximity to, if not actual 
contact with, red and green slates in the Upper Devonian. 

The confounding of Upper, Middle, and Lower Devonian 
rocks in the same minor subdivision, which makes the perusal 
of Chapter III. of De la Beche's Report a hiborious pastime, is 
readily explained by the apparent continuation of Lower 
Devonian rocks by Upper and Middle Devonian as they were 
followed eastward without detecting the fault between them. 
The Devonian Geology of Cornwall as given in the Report was 
remodelled in accordance with facts brought to light by recent 
researches in 1890, and the results, illustrated by a little map 
constructed solely from the information supplied in Chap- 
ter III., were published in the * Transactions ' of the Royal 
Geological Society of (.ornwall in 1891. This little map shows 
the main divisions of the Devonian with approximate accur- 
acy, and also a generalized representation of the great struc- 
tural faulting mentioned above. A comparison between it 
and tne present map, the result of detailed survey on the 
6-inch scale, will show the additional facts which have been 
since discovered and the real structure and relations of the 
Lower Devonian subdivisions. The most prominent addition 
is the mass of Culm rocks about Pillaton and St. Mellion, 
largely coniiwsed of sandstones (iliddle Culm), which exhibit 
unconformable relati<ms to the rp|)er Devonian slates, on 
which they rest directly in part, and in part on intervening 
Lower (^ulm Measures of variable thickness and irregular 
development. The outliers of Lower Culm near Tamerton 
and the grits of AVearde and St. Erney (probably in the Upper 
Devonian although a Middle Culm age had been with much 
hesitaticm assigned to them), are also brought out in the 
detailed survey. 

As regards the Lower Devonian subdivisions the princioal 
alteration is in the inclusion of the fossiliferous beds of Looe 
in the Meadfoot GrouT> and the consequent establishment of 
the Dartmouth slates as an underlving subdivision. This fact 
was however brou(?ht to light by the comparison of the Devon 
Coast sections with this area subsequent to the survey of the 
Looe district in 1899, as mentioned in the Memoirs on the 
Geology of the Torquay and Kingsbridge areas. It was to 
some extent foreshadowed by the alternative rendering of the 
Watergate Bay slates as an anticline, and the conseouent 
correlation of the Xewquay beds with the Meadfoot beds, 
shown in the little sketch map of 1891. The present map 
shows the faulting of the Lower Devonian outcrop to hav^> 
been effected by two parallel faults, but the evidence proved 
insufficient to permit of these faults being traced northward 
beyond the points where they ceased to affect Lower Devonian 
rocks. It was also found impossible to fix on a satisfactory 
boundary which should show the real relation of the Middle 
and Upper Devonian slates. The generalized boundaries 
shown on the little map of 1891 cannot in this respect be 
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improved on, but the Botus Fleming anticline .must be in- 
cluded in the Upper Devonian. 



General Geology and Structure. 

The main outcrop of the Lower Devonian as indicated by the 
Staddon Grit developments in the published maps of Devon, 
Sheets 349 and 350, runs irregularly westward from near 
Sharkham Point more or less along the 50^ 23' parallel of 
latitude to the Avon valley, whence it descends to parallel 
50<^ 2V, The Staddon grits of Staddon and Mount 
Edgecumbe are on this parallel (50^ 21'), and if 
their normal outcrop had not been shifted by fault, 
its westerly continuation (allowing for deflections) would lie 
south of the coast between Tregantle and Downderry and would 
cross the western margin of the map near Pelvnt between 
parallels 50^ 22' and 50<^ 23', or further to the south. At 
Cawsand, however, a great north-west fault brings up the 
Dartmouth slates, cutting out the Meadfoot Group. This fault 
will be referred to as the * Cawsand fault * ; it is not seen in 
section owing to coincidence with a drainage channel on the 
coast, and owing to complications inland produced by minor 
tributary dislocations; it is, however, to be seen in the old 
cutting through which the guns were brought to Scraesdon 
Fort on the north-west of Anton v. The Cawsand fault shifts 

t 

the main outcrop of the Staddon grits to Earth Hill on ])arallel 
50^ 23', here they resume their normal westerly trend for two 
and a half miles to the west, when the} are again cut off and 
shifted by another great north-westerly dislocation. This 
second fault, which will be referred to as the * Portwrinkle 
fault,' is obscure on the coast at Portwrinkle where it only 
affects the Dartmouth slates; but although nowhere seen 
in actual exposure, its course by Trewrickle, Rosedale, and 
Catchfrench can be satisfactorilv traced to the vicinity of Men- 
heniot Station, where the Staddon grits reappear and resume 
their normal westerly trend on parallel 50^ 25', or 2' further 
north than their northernmost main outcrop in Devon. 

The general relations of the Upper, Middle, and Lower 
Devonian Groups are so affected by these faults that they can- 
not be considered without reference to them. It will not be 
necessary here to refer to the dislocations, some of consider- 
able magnitude, which affect the relations of the minor sub- 
divisions, and these will be reserved for the general notes in 
the chapters devoted to each group. Only the Mount Batten 
and Staddon projections of the east coast of Plymouth Sound 
are included in this map. The slates with limestones and 
volcanic bands which bridge over the interval between the 
Plymouth limestone and Staddon grits are well represented in 
Batten Bay; they occupy the north part of Mount Edgcumbe 
Park. The southern shores of St. John's Lake are presumably 
in the Middle Devonian, but as the Torpoint and Doadman's 
Point rocks on the north side of the Lake are Upper Devonian, 
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it is necessary to assume that the Middle Devonian Series is 
either partly cut out by fault or much less repeated by folds 
than the other groups. The discovery of characteristic fossils 
here and there and the recurrence of lithological types makes 
it very evident that from Plymouth and Antony northward 
Upper Devonian rocks are constantly repeated by folds, and 
without fossil evidence it is impossible to say to what extent 
31iddle Devonian may be represented by dark slates which 
largely occur in the Up])er Group. From Antony to Earth 
the Cawsand fault separates Upper Devonian on the east from 
Staddon grits on the west, and at Earth Upper Devonian from 
Middle Devonian slates, but bevond this it is concealed bv 
alluvium for three-quarters of a mile. Prolonging the direc- 
tion of tlie fault north-westward we find that it coincides with 
the course of the River Tiddv above Tilland. Between this 

t 

assumed prolongation of the Cawsand fault and the Port- 
wrinkle fault we have referred the rocks south of the St. Ger- 
mans schalstein mass to the Middle Devonian, and this mass 
may perhaps be include<l in the same series. 

TTow far we are entitled to entertain the ]>ossibility of 
the occurrence of anticlines of Middle Devonian in the 
Upper Devonian area north of the St. Germans schal- 
stein mass depends on the extent to which the lower 
beds of the Upper Devonian are represented by dark 
slates with occasional calcareous beds or limestone 
bands. Occurrences of dark slates without fossil distinction 
may be referred to the lower horizons of the U])per or to the 
upi)er horizons of the Middle Devonian. Tliis question in- 
volves the stratigraphical value of the T)urple, red and green 
slates. Locally, there can be no question as to the value of 
this colour distinction as characteristic of beds in the Upper 
Devonian just as similar variegated colours are characteristic 
of the Dartmouth slates in the Lower Devonian, but actual 
investigation proves that coloured slates may occur in dark 
grey slates and vice versa, even in the Middle Devonian and 
from the Middle Devonian upward. That is to sav, the down- 
ward extension of the colouring matter is purely local, and no 
delicate points in stratigraphy can be based on it. Near Botus 
Fleming the occurrence of Styliola in the dark grey slates 
favours their inclusion in the Upper Devonian. The same 
fossil has been found in slates associated with limestone beds 
in Treskellv Quarrv near the western end of the St. Germans 
schalsteins. Sti/Jiofa also occurs in the purple and green slates 
with cy])rids near Padderbury, ^^fenheniot, and other 
places. Mr. Howard Fox's discoveries of Frasnian flower 
part of Upper Devonian) fossils in black slates at Trevone with 
Styliofa in a country where purple and green slates with 
volcanic rocks occur, prove the diagnosis made in 1891 as to 
the Upper Devonian age of certain rocks in that part of 
Cornwall to be correct, and that they are the same or similar 
tvpes to those in this area. 

Following the Portwrinkle fault from Rosedale, where the St. 
Germans schalstein terminates, by Catchfrench toward Men- 
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heniot Station, the prevailing type is dark grey slate, purple 
and green being only conspicuous on an east and west strike 
through the * school ' on the map ; and this is the case cited 
previously, where variegated slates of the Lower Devonian 
and of the Upper Devonian are in juxtaposition on either side 
of a gi-eat structural fault. There is reason to think that 
the Portwrinkle fault forks on crossing the Seaton river valley, 
the main dislocation cutting otf Staddon grits against either 
Upper or Middle Devonian slates on the north, the branch 
fault shifting the easterly termination of the picrite of 
Clicker Tor and some volcanic bands on the north of it. 
In neither direction can these faults be further followed. 
The purple and green slates of Uoldrenick, Doddycross and 
Menheniot do not cross the Seaton river valley, in fact the 
slates in which the volcanic masses occur on the north of a line 
drawn from Tregrill near Menheniot eastward by Padderda 
^Vood to Tilland, toward Tresandra, and thence northward 
across the strike of the volcanic rocks through Blunts and 
llolwood to Pillaton, are grey, dark grey, and greenish, very 
rarely, if ever, purple. The variegation is therefore local, 
and to some extent, at least, independent of stratigrapliical 
horizon. Moreover the pale greenish slates which take the 
place of the variegated beds between Pillaton Mill and Tre- 
beigh Wood on the north margin of the map, give place to 
dark grey slates which may represent the lower be<ls of the 
Upper Devonian, as near Merrymeet the rocks are of a similar 
character to the Middle Devonian coherent argillaceous slates 
of the Liskeard and Moorswater district. It is quite possible 
that the dark slates of the Upper Devonian may extend west- 
ward along the northern margin of the map from Trebeigh 
Wood through Tremabe, Trethinnick, and Trewartha, but 1 
should be certainly inclined to refer the bulk of the slates 
south of these places to the Middle Devonian. Without fossil 
evidence or marked lithological character it is unsafe to carry 
the process of delimitation of the Upper and Middle Devonian 
further; probably tongues of the former cross the Seaton 
valley in synclines westward, and anticlines of the latter 
dovetail into the Upper Devonian area eastward. 

Near Tremabe the rocks come within the aureole of m_eta- 
morphism of the Bodmin Moor Granite, and here we encounter 
dark platy slates or shales and rocks approaching hornstone 
with clusters of diabase boulders, in places recalling the rocks 
in the vicinity of the granite of Dartmoor near Brent and 
Ivy bridge. 

The Culm rocks of Pillaton and St. McUion form the south- 
ern part (or half) of a large outlier, the north border of which is 
in Sheet 837, at from three to four miles south of the main 
Culm boundary near Tavistock. The outlier of Pentillie and 
its fault-shifted continuation within the bend of the Taniar on 
the Devon side is the most southerly of a series of outliers 
which occur in the adjacent map on the notth of Beer Alston. 
These outliers are composed of soft and hard beds of fels- 
pathic sandstones, or greywacke, associated with dark shales 
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which coutain plant traces, and with one exception (B^r 
Alston Station) rest directly on Upper Devonian slates. 

The main outlier consists mostly of greywacke sandstones, 
varying from coarse to very fine grained, nowhere con- 
glomeratic or even very coarse grained beds. The dark 
shales locally prevail. The sandstones are frequently parted 
by even bands of grey shale or mudstone, and even inter- 
laminations of these materials occur, with local signs of 
current bedding. In all these respects they have their 
counterparts in the greywackes of Wearde, south of Saltash, 
of Efford and Compton in the adjacent map (349), and in the 
Bovey Tracey, Newton Abbot, and Chudleigh districts in 
Sheet 339. 

The Lower Culm is represented in the places shown on the 
map and at Haltonquay, where, besides radiolarian chert 
in dark shaly beds, slaty brown-weathered mudstone 
crowded with Fosidonomya heclieri Bronn occurs. The lIalton» 
quay Lower Culm is exposed on the margin of the Tamar 
alluvium, beneath which it is cut off on the east by 
a fault; on the west it is immediately overlain by the grey- 
wacke series and cannot therefore be shown on the map. 
West of Pillaton the greywacke of Herod Down rests on 
Posidonomya-heds of the type met with near Ashton, &c., in 
the Chudleigh district. In this patch, as also near Pillaton 
on the east, the chert beds and associated hard shales and 
mudstones are represented, and where exposed in section are 
shown to be excessively contorted. The occurrence of Lower 
Culm near Dunnerdake where shown on the map is exceed- 
ingly doubtful. At Newton Ferrers there are dark banded 
mudstones in the Lower Culm which is in places bleached to 
pale greenish white, very like certain mudstones locally found 
m the Upper Devonian. On Amy Down there is an anticline 
of Lower Culm surrounded by the greywacke series. In this 
western part of the outlier the boundary with the Upper 
Devonian is clearly faulted, the greywacke series rests on 
Lower Culm, but the conformable nature of the junction 
is very questionable. East of Amy Down and Pillaton the 
* greywacke series is shown to rest directly on Upper Devonian 
brought up by faults east of Amy Tree and of Viverdon Cott, 
but, to all appearance, in unfaulted contact in the Polborder 
inlier, east of St. Mellion and west of Haymarsh. Lower 
Culm dark hard mudstone shales and chert beds occur in 
irregular patches east of Pillaton, at Rouse, and north of 
Polborder. The relations of these patches to the greywacke 
series are often very obscure through defective evidence, which 
applies especially to the westerly termination of the Rouse 
and Polborder patch and to the northern boundary of the 
Pillaton mass. Near Painter's Cross these cherty Lower Culm 
rocks are faulted against the Devonian. West of the Pentillie 
outlier cherty beds of the Lower Culm also occur. The 
evidence, therefore, in this part of the outlier points to the 
thinning out of the Lower Culm beneath the greywacke 
irregularly eastward. From this we are forced to conclude 
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that before or during the accumulation of the greywacke 
series the Lower Culm was denuded irregularly, so that 
patches of it were left here and there. The only escape from 
this conclusion is to regard all the apparently normal contour 
junction boundaries betwetjn the greywacke series and the 
Upper Devonian as nearly horizontal thrust faults, and this 
does not seem at all probable. 

The Tamerton outliers are between three and four miles south- 
east from Painter's Cross and Pentillie. The larger consists of 
hard, dark Lower Culm with signs of decomposed volcanic 
rock along a part of its southern margin. The smaller of 
dark radiolarian chert with quartz veins, excessively con- 
torted. I could not trace any faults in the vicinity to account 
for the position of these outliers and their north-westerly 
trend. Near the smaller one the purple and green Upper 
Devonian slates contain cypiids. The calcareous beds of 
Landulph cross the Tamar eastward, and with occasional 
lenticles of limestone are represented on the shores of Tamerton 
Creek. I think we may conclude that the slates and mud- 
stones of the Upper Devonian, which contain Sinrifer 
verneuili Murch, &c., between Beer Alston and Beer Ferrers 
may strike west beneath the main outlier, but that they are 
rather higher in that series than the slates on which the 
Tamerton Lower Culm outliers rest ; if this is the case it 
points to an unconformity between the Lower Culm and Upper 
Devonian, but this will not in any way invalidate the conclu- 
sion that the chief unconformity is between the greywacke 
series and the underlying beds. 

Beds of grit and greywacke (Wearde grit) are found among 
the Upper Devonian slates and Volcanic rocks at intervals 
between Wearde Quay (south of Saltash) and Trehunsey Bridge 
(west of Quethiock). Their greatest developments are between 
Wearde Quay and Forder Creek, and on either side of the 
River Lynher, north of TrevoUard, and north and east of St. 
Erney. From here to Padderda Wood, a distance of three 
miles, no signs of their occurrence have been met with. At 
Padderda Wood dark blue brown-weathered siliceous rocks, 
partly banded, are exposed in siiu; similar rocks are present 
in the greywackes at Compton, near Plymouth. At about 
half a mile north of Padderda Wood fragments of greywacke 
occur on the summit overlooking the stream valley east of 
Coombe. The grey slates near this exhibit a banded appear- 
ance in places. The only further evidence of the greywacKe is 
furnished by surface fragments above the wood on the west 
side of the River Tiddy, just north of Hepwell Bridge. 

In none of the exposures of Wearde grit have traces of plants 
or of organisms of any kind been found in the greywackes or in 
the dark shales and slates associated with them, and micro- 
scopic examination proves that the greywackes are largely 
made up of the debris of igneous rocks, although in the 
quarry at Wearde and elsewhere rocks approaching to the 
character of quartzites occur in them. Although wherever 
they are well exposed the even-bedded greywackes show a 
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marked contrast to the surrounding strata, no proofs of their 
superposition as a distinct series have been met with. Their 
relations to the slates and volcanic rocks are everywhere such 
as might be expected were they an interbedded and imper- 
sistent group, and volcanic bombs occur in a thick bed in the 
lower part of the grits at * Defiance ' Quay lawn at Wearde, 
where they rest on diabase, also in the railway cutting above, 
in which the thick slates interbedded contain seams of fels- 
pathic-tutf with slate fragments. On the other hand, the 
resemblance of these rocks to the Culm grits and greywackes 
of the St. Mellion outlier, and to the beds of Ugbrooke Park 
and of the outliers between Newton Abbot and Ipplepen is 
marked. Evidence of unconformable superjwsition is clearly 
manifested by the greywackes of the St. Mellion outlier. 
The absence of coarse be<ls, other than tufts, in the Upper 
or Middle Devonian slate areas of South Devon and Corn- 
wall as far as is known, coupled with the occurrence of 
chert beds interbedded with the lava near Henn Point on the 
Saltash coast, tended to make a very strong case in favour of 
the assignment of a Culm age to these greywackes. This 
opinion was expressed^ on the assumption that these clierty 
bands and fragments of a similar character in the greywacke 
near St. Erney were Lower Culm. In neither case have 
radiolaria been found, and the probability of their being 
Devonian cherts locally accompanying andesitic basalt flows 
(as is often the case where pillow lavas occur in other forma- 
tions) is stroDg. 

As regards the volcanic rocks of the area, the schalsteins 
and vesicular rocks of Mount Batten coast, Drake's Island, 
and St. Germans, as well as those of Liskeard and to the south 
of Liskeard, near Trethawle, are included in the Middle 
Devonian. As regards the masses between the north of Ply- 
mouth and Pengover Green, it must not for one moment be 
supposed that the boundaries of these are in all cases definite 
stratigraphical lines. In places, between Land rake and St. 
Stephens for instance, they simply denote the separation 
of slates in which signs of volcanic rock have not been 
detected from slates associated with one or several volcanic 
bands probably repeated by folds, in such a manner that indi- 
vidual boundaries could not possibly be drawn on the meagre 
surface evidence. It is necessary at the outset strongly to 
insist upon this, because the practice of definite delimitation 
and colouring adopted by the Geological Survey puts the 
geologist in such a country as this in the predicament of 
ignoring unmappable bands of volcanic rock where the general 
association is of importance, or of drawing lines to include 
these associations in such variable proportions that in some 
cases the volcanic seams are in a very infinitesimal ratio to 
the slates in which they occur, whilst in others there may be 

* Irani, fastU. MlfUny Eftginoers^ IdDl Prac. Soiii, Arch.l^a/nd Xat. Hist. 
8oe„ vol. xlvi., 1900. 



INTEODUCTION. IV 

infolded seams of slate in infinitesimal ratio to the volcanic 
rocks; between these extremes there is every gradation. 

From this caution it will be apparent that the volcanic 
rocks of the Upper Devonian area may represent several dis- 
tinct stages of eruption in the same general period. Further- 
more, reference has been made to dark slaty or shaly rocks 
associated with the Wearde greywackes, to dark slates in the 
Upper Devonian and to dark slates in the Middle Devonian, 
as these volcanic rocks occur ii^ au area where the first and 
last may locally appear through plication, and where the 
second is naturally present in places, it is impossible to give 
an exact chronological limit to the volcanic rocks collectively 
or to arrive at any definite relative succession based on their 
occurrence at different latitudes. In the Lower Devonian area 
such feeble traces as have been noted are in most cases much 
too insignificant to show on the map. It seems, however, 
probable that during the deposition of the Dartmouth slates 
and succeeding rocks of the Meadfoot group occasional emis- 
sions of tuff or lava may have taken place, but being at best 
small through shearing, contortion, and thrusting, no volcanic 
horizons can be actually established. 

LfOwer Old Red Sandstone is bracketed with Dartmouth Slates in the 
legend to the Index tablet on the map, in accordance with the groapinc 
adopted in the Newquay Sheet. The Author disclaims all responsibility 
for this, as Bellerophon occurs in the Dartmouth Slates, and the homo- 
taxial equivalence to the Lower Old Red is, in his opinion by no means 
restricted to this sub-division. 
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CHAPTER II. 
LOWER DEVONIAN. 

General Structure, 

We are now in a position to consider briefly the structure of 
the Lower Devonian area as shown by the relations of the 
three subdivisions, viz., Staddon grits, Meadfoot group, and 
Dartmouth slates. Although it is seldom possible to fix upon 
definite boundaries between these groups wliere their relations 
are normal, yet outside the indefinite junction zone wherein 
lithological characters are similar they present general diis- 
tinctions amply sufficient to bring out their relations and 
structure. Thus in the Staddon grits, whether they form as 
at Staddon, Mount Edgcumbo, and between Sheviock and 
Polbathick, a more or less definite grit series, or a mixture of 
arenaceous and argillaceous mudstones with hard grits irre- 
ffidarly associated as at St. Keyne, the extreme paucity of 
fossils, the absence of calcareous beds and of volcanic rocks 
separates them from the rocks of the Meadfoot group. 

The Meadfoot group is distinguished by the prevalence of 
grey slates with few fossils in their upper portion which is 
homotaxeous with the Lower Coblenzian of the Continent; 
by irregular grit developments, limestone bands or lenticles, 
volcanic bands, and by a more or less fossiliferous character, 
lower down where the rocks correspond to the Taunusian of 
the Continent. The distinction between the basement beds 
of this series and the Dartmouth slates is seldom satisfactory, 
although the two groups are as distinct as the Meadfoot group 
and Staddon grits. The fossiliferous beds of the Meadfoot 
group are of the utmost importance in working out the struc- 
ture of the Lower Devonian area, although their persistence 
on any particular horizon cannot be relied upon. 

Between the Cawsand and Portwrinkle faults, the fossili- 
ferous beds are found west of Millbrook and exhibit a nearlv 
east and west outcrop between St. John's and Trewrickle. 
They extend southward, however, to the coast at Long Sands 
and Tregantle, where they are well exposed. 

On the south of St. John's it will be seen that the outcrop 
of the Meadfoot group does not exceed 180 yards in width; 
it is here bounded on both sides by faults. Reference has 
been made to the complex character of the Cawsand fault; 
this is illustrated by a nearly continuous representation of the 
Staddon grits along it on the map, but this representation is 
due in my opinion to splitting in the main fault, produced 
by the crossing of another dislocation seen in Inswork brick 
pits, and running thence probably toward Maker Church. I 
conceive the apparent strike of the Staddon grits along the 
-Cawsand fault to be due to position between two faults, so that 
the slates in Antony Churchyard and at St. John's may be 



regardijd as the base of the Middle Devonian. The geology of 
ilillbrook, St. John's and Antony is most difficult, because the 
faults are not exposed in section, and the variable rocks of the 
Meadfoot group are cut off* on the west against Staddon grits 
and slates in a country with no quarries and bad surface 
evidence. The very irregular boundary of the Dartmouth 
slates with the rocks of the Meadfoot group is due to the 
major foldings of the contorted rocks being further complic- 
ated by faults. The rocks south of Crafthole may include 
Dartmouth slates as well as the basement beds of the Mead- 
foot gixjup; they are mostly grey and Pteraspis has been 
found in them. 

On the west of the Portwrinkle fault the Dartmouth slates, 
from Perdredda to the Seaton valley, appear to be in natmaj 
junction with the Meadfoot group, and in faulted junction 
with it on the west of the Seaton valley. Their south-westerly 
deflection to the coast near Windsworth is probably continued 
to a point between Looe Pier and Hannafore Point, where 
dark grey slates are in natural junction with variegated slates 
which are continuous without doubt with the Dartmouth slates 
of Looe Island. 

The dark basement slates of the Meadfoot group form the 
northern cliff of Portnadler Bay, and are cut oft by a well 
marked fault against the Dartmouth slates of Talland and 
Polperro. This fault runs in a west-north-west direction just 
south of llendersick and north of Watergate. Between 
Watergate and Polean the rocks on the south side of it may 
belong to the basement beds of the Meadfoot group. 

The fossiliferous Looe grits, slates, and calcareous beds 
occupy a band of country varying from one to two miles in 
width, extending from Hendersick and Trelawne on the west, 
through Trenant, Looe, and Millendreath, to the Portwrinkle 
fault between llessenford and Perdredda wood. That is to 
say, fossiliferous horizons are repeated by folds here and there 
throughout this belt of country. On the west border of the 
map, however, between Polean, Pelynt, and the outcrop of 
the Staddon grits, these fossiliferous horizons are either absent 
or very inadequately represented. 

This last observation taken in connection with the changes 
in dip round Pelynt to which De la Beche calls special atten- 
tion, would suggest the tapering out of the fossiliferous 
horizons westward along synclinal folds, an explanation which 
could not be admitted without the co-operation of cutting-oul 
strike faults. Although from the nature of the rocks affected 
the position of such a fault, or faults, cannot be proved, there 
can be little doubt as to its existence not far from the posi- 
tions shown on the map, for the following reasons: — 

The Dartmouth slates form a complex anticline, appearing in a mass on 
the hill south of Bake wood, and in very irrefjular plicated association 
with grey slates, grits, and quartzite, on the west side of the Portwrinkle 
fault, between Bake wood and Bonialva. On crossing the Seaton valley 
the variegated slates give place to the grey slates and grits which form 
the high ground above Lydcott wood and from thence to Bin Down. 

c2 
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On Bin Down traces of fish have been found in hard grits ; the variegated 
slates bound this feature on the north as far as the valley west of Bray, 
and on the south between Bray and Shorta Cross. In the valley west of 
Bray the anticline is shifted northward by a north-north-west fault to 
Wringworthy, whence it continues on the high ground, on the north of 
Corgorlon (on which, at Corgorlon Tor, there are grits similar to those of 
Bin Down), westward to the East Looe valley. The Dartmouth slates have 
disappeared on the east of the road north of Sandplace station, where 
cuttings display grey slates with hard grit bands on their strike, but on 
crossing the valley they reappear on a parallel strike in a narrow band 
which speedily dies out in the direction of Tredinnick. 

On the south border of this complex anticline dark slates with grits, 
evidently inferior to the fossiliferous bods, bound the Dartmouth slates^ 
On its northern margin fossiliferous beds occur in direct contact on the 
south of Plashford, proving that here at least the northern boundary is 
overthrust on the fossiliferous beds. At Wringworthy a patch of red 
•gritty beds of characteristic Looe type is cut off against the Dartmouth 
slates by the fault which here shifts the anticline. These grits are in 
proximity to the variegated slates on the north of the Bin Down high land, 
so that the overthrust northern boundary of the mass north of Corgorlon 
is evidently shifted by the cross fault to a position in the valley on the 
east of Wringworth}^ and the grits at that place are in the angle between 
two faults. From this angle the shifted fault may continue to the Port- 
wrinkle fault through the rocks of the Meadfoot group, and cease to bound 
the variegated slates, or it may form their actual boundary. This un- 
certainty does not affect the argument that strike faults, by cutting out 
certain horizons, may obliterate or impair the correspondence we would 
otherwise expect between the rocks of the Meadfoot group on the north, 
and those on the south of the anticline. The fossiliferous horizons of the 
south seem to be inadequately represented on the north. On crossing the 
East Looe valley and passing through Duloe to Pelynt, a district is 
traversed in which these fossiliferous horizons have not been detected at 
the surface, so that the continuance of the fault boundary of the anticline 
south of Plashford is a necessity. A careful survey of this part of the 
area revealed very iusignificant but indubitable signs of the variegated 
Dartmouth slates just north of St. Ann's (or St. Nun's) Well, and in the 
West Looe valley' adjacent, due west of Muchlarnick. At about 520 yards 
south of Muchlarnick variegated slates were seen, and fragments of similar 
character were noticed on the surface at about 200 yards south-west of 
Muchlarnick. No doubt we shuuld find, if this ground were exposed in 
section, that greenish slates in this vicinity belong to the Dartmouth 
slates, and that the variegated exposures have stratigraphical value solely 
as indicators of their presence, as rough grits also occur in the neighbour- 
hood resembling those of Bin Down and Corgorlon Tor, and of the Port- 
wrinkle coast. A fault is exposed in a quarry where antimony was 
obtained, between Tredinnick and St. Ann's Well, and there are sug- 
gestions of the presence of another at the farm near Muchlarnick on the 
north-west, so that the position assigned to the faults on the map is not 
wholly without foundation. 

Strike faults, as well as irregular plications, may have 
sometliing to do with the comparatively thin outcrop of the 
St addon grits on the east of the East Ix)oe valley and their 
development on the west. 

The prolongation of the fault in Portnadler Bay, which 
will be referred to hereafter as the Portnadler fault, has a 
considerable influence in shifting the outcrop of the Staddon 
grits from latitude 50° 24' 40" to Bodmin on latitude 50^ 28' 
in the adjacent map (Sheet 347). It is the third great fault 
which actual survey has proved instrumental in achieving the 
result theoretically ascribed to one great fault in my little 
map of 1891. 
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Besides the faults already referred to there are thrusts and 
faults of lesser magnitude which cannot he traced inland from 
the coast, which may in some cases have material effects on 
the relations of the Dartmouth slates to the rocks of the 
Meadfoot group. 

A thrust is visible in Tre^enhawke Cliff (south-west of Millbrook), at 
about a mile from Sharrow Point. It seoins to descend to the beach at 
220 yards from its outcrop on the summit, and although on the coast it 
intersects the Dartmouth slates, it is quite possible that its prolongation 
inland ma*' alTeet their relations to rocks of the Meadfoot group. The 
boundary of the calcareous fossiliferous beds of the Meadfoot group in 
Black Ball Cliff, about a mile east of Portwrinkle, is a fault which in con- 
junction with another dislocation separates them from lower horizons of 
the same group in which the variegated Dartmouth slates appear, but 
form a very small part of the mass. As Pieraspia has been found on the 
coast, and no certain boundaries can be drawn to separate slates which 
belong to the Dartmouth group within this mass of contorted rocks 
mainly belonging to the lower part of the Meadfoot group, it was thought 
better to colour the whole as Dartmouth slates than to attempt a separa- 
tion. This course gives prominence to the termination of the fossiliferous 
rocks. There is also a strong probability of a fault nearly half a mile to 
the west at Hilstor rock, from whence it appears to run northward to 
Pool, displacing the north boundary of the fossiliferous rocks in the Mead- 
foot group south of that place. 

On Finnygook heach the Portwrinkle fault is so badly ex- 
posed that it suggests the splitting up of that dislocation into 
branches before reaching the coast, one of which may be the 
Black Ball Clilf fault. The faults and thrusts observed else- 
where on the coast and in inland localities tend to obscure 
the complex folds which cause the abnormal appearances of 
rocks out of their general strike, the inadequate representation 
of certain horizons, and more especially the difficulty in 
tracing any structures continuously even in cliff sections. 

Although the general strike is east and west, to this there 
are many exceptions in the Lower Devonian area, and in the 
coastal districts, between the Bame Head promontory and 
Portnadler Bay, the strikes range from north-east and south- 
west, to north and south, an east and west strike being very 
exceptional. To the north (except south of Trelawne) and 
east of the Portnadler fault southerly schistosity dips prevail, 
the rocks are often vertical, but northerly dips are very seldom 
obtainable. On the south of the Portnadler fault the converse 
is the case, the dips being northerly or vertical. Northerly 
dips are also met with on the north of the fault up to a line 
between Ilendersick, Trelawne, and Pelynt. 

Dartmoutu Slates. 

In following the coast from Cawsand to Polperro all the 
t^'pical varieties of the Dartmouth slates are encountered. 
The characteristic pinkish, magenta or purple and green 
variegation is met with in all its variations, the most vivid 
colouring being perhaps present in the cliffs of Talland Bay 
and its vicinity, where deep purple or indian-red and green 
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tints prevail, practically identical with those locally exhibited 
by the variegated Upper Devonian slates of Mutley and other 
places in this map. 

This typical variegation is however very far from being 
constant; greenish tints are often prevalent, as near Sharrow 
Point. Greenish-grey, pale bulf, and pale-red and grey locally 
prevail. In many of the inland quarries and exposures only 
pale-roil and greyish, brownish, or bulf, tints which have no 
distinctive aspect are to be seen, as in South Devon. The 
local absence of distinctive colouring renders the boundaries 
between this series and the rocks of the Meadfoot group very 
uncertain, in places, west of Millbrook. In composition the 
Dartmouth slate series is by no means homogeneous. Besides 
the hard, glossy, and partly siliceous slates which are so 
characteristic of the group, cleaved mudstones or slates of a 
more distinctly argillaceous type are common, and the sili- 
ce(ms materials vary from fine laminated siltstones, and hard 
fine grits, or quartzite beds to rough grits and distinctly 
arenaceous beds. 

Owing to faulted junctions and the doubt attaching to 
boundaries mainly drawn on colour distinction, one cannot 
assign any delinite stratigraphical value to tlie relative 
prevalence of beds of grit or quartzite in parts of the coast 
section. If the rocks were less disturbed it is doubtful if we 
should find any definite general sequence in the distribution 
of the different materials. 

On Withnoe Common, for instance, reddish, magenta, grey 
and greenish variegated slates contain bands of fine grit which 
coalesce to form masses of fine quartz-veined grit or quartzite. 
A dyke-like ridge of quartz rock in the vicinity may be thus 
accounted for. By the military road on Withnoe Cliff mas- 
sive beds of quartzite and quartz with a slaty jointing rest 
on gnarled grit-shales. If not due to an overthrust, the 
gnarling would here perhaps be due to unequal strain, and 
indicate a tendency to cleavage which is shown by jointing 
in the massive rock. 

In the coast between Pcnlee Point and liame Head inter- 
calations of hard grit are rendered very conspicuous by quartz 
veining and partial replacement. Here the grey colours are 
suggestive of a syncline of beds in the Meadfoot group, but 
variegated slates have been seen on the east and west. Within 
the (partly faulted) boundary assigned to the Dartmouth slates 
on tiie east side of the Portwrinkle fault, as already stated, 
the lower beds of the Meadfoot group seem to be well repre- 
sented. 

At the margin of the map west of Polperro dark slates 
and grits have been included in the Meadfoot group, and 
also on the east side of the fault in Portnadler Bav, between 
TTannafore Point and the Looe Estuary, and between Millen- 
dreath Beach and Colnier Hocks. Although Pteraspis occurs 
in the dark slates in the last two instances, no boundary could 
be drawn in them so as to include them in the Dartmouth 
slates. Between Millbrook and Withno<? the boundary is simi- 
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iarly placed between dark grey rocks and more or leas varieg- 
ated rocks. It will therefore be seen that within certain limits 
the boiui<lnry between these groups cannot be consistently 
drawn. 

In the Dartmouth slates the distinctiun between cleavage 
and bedding is often extremely obscure; this is partly due 
to an approximate coincidence between the planes through 
isoclinal plications accompanied by thrusts, or to similarly 
displaced sharp inverted folds. The presence of hard grits 
hei-e, however, as on the HovcUtoke coast brings out the con- 
torted bedding in so many places as to leave no doubt of the 
repetition of the slates by contortion to a much greater extent 
than is apparent to the eye. Contortions rendered manifest 
by hard grit beds arc especially numerous in the dark slates 
taken as basement beds of the Meadfoot group. West of 
Polperro vertically contorted or zigzagged bedding is well 
marked. 

In the variegated slates contorted grit beds are to be seen 
north of Itiiiue Coastguard Station (Wiggle Cliff), in many 
places between Portwrinkle and Downderry (especially near 
Coldeudon Point on the G-inch mapj, in several places between 
Seaton Beach and Colmer Itocks, and in the Talland and Pol- 
perro coast. Intercalations of compact grit or quartzite beds 
with distinctly cleaved purple, greenish, and buff slates are 
well shown in the cliff and beach reefs on the west side of 
Seaton Beach. Xumerous tish remains are to be seen in the 
lower part of the lowest grit be<i in the cliff. Near this the 
directions of cleavage dips are south by east and the bedding 
dips east, or ca.st by south. 

At about nyo yards west of Seaton Beach quartzite or hard 
grit beds intercalated in greenish buff-weathered slates 
appear to form an anticline overarching greenish and greenish- 
grey slates, which pass irregularly downward into magneta 
slates, the darker patches shown in the sketch. Fig. 1. Here 

Fio, 1. — Varieoation in dif, 990 yards west of Seaton BectcA. 




iho distribution of the colours as an indication of bedding is 
shown to be quite unreliable, but this is not always the case. 
South of Portnadler Bay on the north of (he Ilore Stone the 
cliffs consist u{ handed indtan-rcd and green slates with beds 
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of hard grit, the cleavage has a northerly dip of from 50^ 
to 00°, and the bedding, shown by the colour banning as well 
as by the grit beds, gives northerly dips of 70° io 80°. In 
variegated slates of the Upper Devonian by the estuary of 
the Kiver Plym (Laira) contorted bedding is shown by colour 
banding of a similar type. Where grit-shales are developed 
in the Dartmouth slates, as at Sharrow Point, cleavage may 
be absent. These beds suggest an anticlinal structure at 
Sharrow Point, where they are gnarled together with occa- 
sional quartz bed-veins. The gnarling here seems to denote 
resistance to cleavage. 

Purple mottled slates of the Mothecombe^ type occur 
between Sharrow Point and the outcrop of the rocks of the 
Meadfoot group toward Tregantle. In a quarry in Whiterocks 
Plantation, 200 yards south of Cawsand, greenish and grey 
argillaceous slates with grit give a northerly cleavage dip 
of ()0°, the bedding dip being apparently north at 80°. Some 
decomposed material is present which may denote residue of 
calcareous organisms or the presence of fine tutf. 

Brown friable material is occasionally present in the Dart- 
mouth slates in the form of irregular patches or nodules; these 
suggest the decomposition of calcareous matter probably of 
organic origin, as here and there pale reddish limestone 
patches have been met with, occurring in a similar manner 
and, rarely, containing sections of small univalves, probably 
Bell era phon. 

Furthermore the decomposition of fish remains leaves dark 
brown residues in places, and where these are present in 
grit beds the hard close-textured rock becomes more or less 
ifriable. The honey-comb layers are more frequently seen 
than the harder striated surface sculpture of Pterasjns. 

Although no protracted search for specimens could be made 
when mapping this coast, fish remains were noticed in many 
places, and small calcareous patches or decomposed residues 
met with here and there. The following list of localities, 
more or less promising, may be of use to those who have the 
time at their disposal for protracted search. 

On the east side of llame Head at Bull Cove the rocks contain brown 
friable material which seems to bo of organic origin. Toward Long Sands, 
nt three-(|narters of a mile from Rame Coastguard Station, grits partly dark 
br>wn and friable occur, also on the south of Wiggle Cliff. Reddish 
limestime lenticles with Bellerophoii trilohutus J. de C. Sow.* are visible 
near the commcnc?ment of Trewinnow Cliff, a mile and an eighth from the 
Coastguard Station and at the commencement of Tregenhawke Cliff a 
quarter of a mile further on. 

At about 300 yards from this traces of PteraspU (?) were noticed, and 
in grits about 200 yards further, south of the Withuoe felsite ; about here 
the cleavage dips are higher than the bedding, which gives south-south- 
eastorly and south-easterly inclinations often of not more than 20** to 25^. 

Within half a mile from the Portwrinkle fault numerous traces of fish 
remains were observed in several place.**, chiefly in grey beds. 

In the beach reefs at Portwrinkle hard quartzite beds interbedded in 

' At tie nu uth of the Rivpp Knne in Soiitli Devon. 
' Identified by Mr. E. T. Newton, 
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the variegated slates are in places so full of fish remains (honey-comb 
layers of Pteraspis) that they assume the aspect of dark brown tough friable 
grits. These rocks are similar to those near Wiggle Cliff. They strike 
north-west and south-east, probably an abnormal deflection due to 
proximity to the Portwrinkle fault, as the strike bends sharply in a 
south-westerly direction almost at a right angle at the point about 
290 yards west of Portwrinkle. 

At half a mile further west there is another abrupt change in strike 
from south-west in the beach reefs to north-west in the cliffs, with 
respective dips to south-east aud north-east. 

Near Downderry there are sigus of fish remains and of crushed friable 
organic material in the slates and grits. 

Between Seaton Beach and Downderry numerous obscure fish remains 
were noticed in beach reefs of dull green-grey and purple mottled slates, 
with hard quartzite beds in part slaty, striking nearly north and south bui^ 
changing to a north-east strike toward the cliffs. 

Numerous fish remains are to be found in the lower part of an inter- 
calated quartzite bed in the variegated slates on the west of Seaton 
Beach already referred to. The variegated slatei? in the beach reefs here 
contain reddish irregular calcareous nodules, evidently of organic origin 
and suggestive of Bellerophoiu Between 300 and 500 yards west of Seaton 
Beach there are numerous traces of fish remains, and calcareous nodular 
patches are also met with. The latter are also present at about half 
a mile from Seaton Beach near the section figured (Fig. 1). There are 
veins in places on this coast resembling quartz-albite. 

Toward the outcrop of the Meatfoot group the section is much obscured 
by slips aud talus. Fish remains are to be found in the dark slates near 
a small mass of diabase on the coast south of Bodigga, and at about 
240 yards to the west a very acute local deflection of strike is visible. 

For 260 3'ards south fr3m Looe harbour the reefs consist of grey slates 
with hackly grits and hard dark slates, mottled with bright red splotches 
in places, intercalated with hard grit or quartzite beds, and with bands of 
Pteraspidean remains in one or two places. These are succeeded by buff 
and green beds which quickly give place to variegated grey, purple, green 
and buff slates with beds of quartzite and fish remains in the reefs north 
of Hannafore Point, in the cliff 80 yards south of Monk*s House, and near 
their junction with the dark slates in Portnadler Bay, in which also fish 
remains occur. 

The variegated slates of Looe Island, with occasional intercalations of 
quartzite, contain fish remains, especially on the north, north-east, and 
north-west coast. In one place, near the northernmost house on the 
Island, fish remains were found in slates, bedding being shown by slaty 
grit to cross cleavage at a low angle. The schistosity dips on Looe 
Island are south to south-south-east. 

Traces of fish remains were noticed in the variegated slates on the 
south side of the Portnadler fault. In Talland Bay the honey-comb layers 
and other Pteraspidean remains are to be found. On the west coast at 
about 100 yards south of Talland Sand limestone pellets and nodules 
occur in magenta slate, and fish remains are recognizable in the variegated 
slates and grits. Green igneous rock is visible in the cliff here. At 100 
to 150 yards to the south contorted grey slates with distorted siliceous 
lenticles and grit-shales may denote synclines of, or pass into, the varie- 
gated beds. At about 100 yards further south friable nodules or patches 
are present in magenta slates (Lakerock, where calcareous nodules were 
noticed by Peach)^ 

R. Q. Couch2 records the discovery of Bellerophon in Talland Bay, and 
of the extension of fish remains up the cliffs of the Polperro coast. At 
Giggan Cove, about a quarter of a mile west of the entrance to Polperro 
Hr rbour, Peach noted greyish limestone, several feet wide, containing 
fish remains and Bellerophon, and an extensive fault ; he considered this 
the same horizon as at Lakerock, and that it was prolonged to the east 
shore of Talland Bay (Rotterdam Cliff). The fault mentioned is probably 

1 Trans, lioif. tieol Soc. Cam., vol, vi., p. 79. 
^ fbid., p, 147 
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prolongetl to Talland Bay as a south-westerly- dislocation traverses the 
beach reefs there, 

Tke grev and buff quartzites of Bin Down and of Corgorlon 
Tor contain fish remains, and tlie very irregular occurrence 
of tlie variegated beds may be due to impersistence of variega- 
tion and to weathering, but as this cannot be proved the Dart- 
mouth slates have been restricted to the limits shown on the 
map in this anticline. 

Mention has been made of the occurrence of grits near traces 
of variegated slate on the south of Muchlamick; here also 
there is a probability of Dartmouth slates being represented 
to an appreciable extent. 

The Pengelly collection, presented to the Jermyn Street 
Museum by Mrs. Pengelly, includes many fine specimens of 
fish remains from the rocks of the south-east coast of Cornwall, 
from Kame Head to Polperro. The localities and numbers 
proceeding along the coast westward are as follows : — 

Ranio Head, in grev slate, 7 speciraews, uuu.bered, 5685, 5695, 5710, 5725, 
5730, 57:V2, 5737. 

White.«and Bay, in f^rey slate, 2 large specimens, numbered, 3684, 3692. 

Limmicks, Looe [Foreshore reefs of dark slate and grit beds, about a 
quarter of a mile north-east of East Looe beach, 1 sixcinien, numbered, 
5701. 

Wallace, Looe [locality not known], 6 specimens, numbered, 5696, 5699, 
5704, 5722, 5721^, 5746. 

Looe, 1 specimen, numbered, 5705. 

Near Looe, 4 specimens, numbered, 5712, 5714, 5733, 5745. 

Kee Point, Looe, 1 specimen, numbered, 5727. 

Needles Eye, Looe, [? Neil sea, on foreshore south of Looe Harbour, on 
6-inch mapj, 10 specimens, numbered, 5686, 5702, 5703,5704, 5708, 5709, 
5713, 5720, 5721, 5722. 

Old Mills, Looe, 4 specimens, numbered, 5682, 5693, 5700, 5707. 

Looe Island, 5 specimens, numbered, 5687, 5688, 5717, 5719, 5729. 

Talland Sands, 2 specimens, numbered, 5738, 6739. 

Polperro, 3 specimens, numbered, 5734, 5740, 5741. 

None of the above are in a red or variegated slate matrix. 

Dr. A. Smith Woodward^ described a cornu of Cephalaspis 
carteri (McCoy), found by Mr. Upfield Green near the Old 
Mill at Looe. The locality appears to be at or near the junc- 
tion of the variegated slates, south of llannafore Point, with 
the dark slates of Portnadler Bay. The specimen was asso- 
ciated with remains of Pteraspis comuhicd (McCoy). The only 
other species of Cepluihispis with large marginal tubercles 
hitherto found seems to be C. jHigei (Lank.), from the Lower 
Old Red of Forfarshire. 

Finely ribbed Pteraspidean fish plates from South Cornwall 
"sometimes received the name of Scaphajupis,^ which now 
proves to be applicable to the ventral shield of any member of 
the familv." Dr. Smith Woodward further remarks that in 
Western Europe Pleraspis is characteristic only of the Lower 
Devonian or Lower Old Red Sandstone not descending below 

' Trans. lUty. Gcol. Sor. f'oni. vol. xii., p. 431. 

* U. Woodward and Er lUy Laukester. Geol. Mtuj., vol. v., 1868, p. 248, 
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the base of that formation, where it is preceded by a simple 
shield CyntJuisjiis} 

The occurrence of Bellerojjhon trilolxUus J. de C. Sow., 
in the Dartmouth slates of this coast has been long known, 
and from the observalious of material distributed in the slates 
here and there along the coast, similar to that in which its 
presence has been proved, it may be regarded as a common 
fossil. lV)r its occoirrence in higher beds in the Lower 
Devonian in the Torquay area and elsewhere see * Memoir 
on Geology of the Country Around Torquay,' p. *^by footnote, 
and p. 35. 

Meadfoot Group. 

Although the rocks of this group occupy a very small part 
of the coast as compared with the Dartmouth slates, inland 
they cover a larger area which is broken by the Portwrinkle 
fault into the Looe district and the Tregantle distfict; each 
of these districts is cut up by faults so that an unbroken 
succession of the components of the group is nowhere to be 
found. 

A south-westerly strike brings the basement dark grey 
slates with hard grit and quartzite-beds and siliceous inter- 
laminations from the coast south of liodigga, along the sea- 
ward rock reefs of the East Looe coast to Looe Harbour mouth, 
and thence to Hendersick and Portnadler Bay where they 
are cut olf by the fault. From Bodigga they follow the same 
strike along a narrow outcrop, probably attenuated by fault, 
between fossiliferous beds with grits and the Dartmouth slates 
for a mile inland. From this point east they are probably 
cut out by a faulted boundary of the Dartmouth slates, but 
come in again and, crossing the Seaton Valley at Keveral 
Wood, run round the irregular boundary of the Dartmouth 
slates on the south of Treyone and Minard Chapel to the Port- 
wrinkle fault which brings them in contact with Eifelian 
slates. 

These basement rocks surround the small Dartmouth slate 
anticline south of Bake Wood. Their outcrop on the south 
side of it is narrowed by a faulted junction with the fossili- 
ferous beds. The southerly termination of the Dartmouth 
slates in Lydcott Wood appears to be a fault crossing the 
Seaton Valley, and thence up to the Portwrinkle fault separat- 
ing a strip of basement beds on the north from Dartmouth 
slates on the south. From Lydcott Wood this dislocation 
appears to run in a west-south-west direction, marked by 
springs here and there between Tredinnick (near He.ssenford) 
and No Man's Land, till it meets the south-south-east cross 
fault that shifts the Dartmouth slate anticline between Bray 
and Corgorlon. The grey slates, grits, and quartzites evi- 
denced by exposures or boulders in the clayey ground on the 
north of this fault belong to the basement beds, and also the 
rocks on the higher ground between Lydcott Wood and Bin 

* A. Smith Woodward. Trant^liay. QeoL Sac. Com^^ vol. xii., y. 229- 
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Down in all probability. The same series bounds the Dart- 
mouth slates at Corgorlon, and to the wesi of the East Looe 
Valley extends through Treworgey, Tredinnick (near Duioej, 
and Muehlarnick toward Pelynt. 

So far we have been following the outcrop of the basement 
beds of the Meadfoot group on the south of the Bin Down and 
Corgorlon anticline and south of the faulted continuation of its 
strike. 

On the north of the Corgorlon inlier, as mentioned in the 
preliminary notes, the Dartmouth slates are fauJted against 
fossiliferous beds near Plashford and from thence to Wring- 

worthv, where the anticline is shifted bv a cross fault. On 

1 * " 

the north border of the Dartmouth slates between Wring- 
worthy and the Portwrinkle fault, although there are dark 
slates which might be referred to the basement beds, in the 
Seatoii \ alley and elsewhere, there is no certain proof of their 
occurrence, and south of Catchfrench the Dartmouth slates 
seem to be bounded by fossiliferous Meadfoot beds, at the 
Portwrinkle fault. Taken in ccmnection with the very partial 
and imperfect representation of the Looe fossiliferous rocks 
on this side of the anticline it seems probable that, if repre- 
sented, the basement beds are local and bounded bv a fault or 
thrust. 

The difHculty experienced here is similar to that on the 
west of the East Looe Valley, namely, the general similarity 
of the upper and lower parts of the Meadfoot group. 

In the precedin'^ notes the term basement beds is applied 
to the part of the Meadfoot group which underlies fossili- 
ferous beds and overlies the Dartmouth slates. This, how- 
ever, is a relative term, as no definite base can be traced for 
the fossiliferous beds, nor can their upward extension be 
definitely determined owing to the impersistence of lithological 
types and to the impersistence of fossiliferous horizons in an 
area of contorted rocks where faults are numerous and difficult 
to detect. Moreover, through decalcification grits and slates 
originally more or less calcareous now ])resent the aspect of 
more or less arenaceous grits and slates. 

The masses of grit at Kilminorth, Portlooe, East Looe, and 
Bucklawren, being for the most part well defined by litho- 
logical characters, were mapped, and other occurrences of a 
somewhat similar character were also separated ; but these 
are misleading, as their impersistence in most cases is no doubt 
duo to changes in character and colouring, rendering their 
further separation from the slates and shales with which they 
are associated impossible. 

The coast section from Millendreath Beach to Looe gives 
an inverted upward succession. The slates with hard grit or 
quartzites, sometimes in masses and intensely contorted in 
stacks on the beach reefs, are succeeded bv grey slates and 
interlaminated calcareous shales with lenticular masses of dark 
grey limestone crowded with irregular patches of white car- 
bonate, perhaps of monticuliporoid coralline origin. These 
beds form the promontory at the east side of Millendreath 



Beach and Raven Rock; in the higher part of the clifi they 
weather greenish butf. They rest on even, red, buit', and grey 
shales and shaly grits with much decomposed brown fossili- 
ferous friable material containing distorted impressions of 
large brachiopods, Plcurodictyum -prohleTnatieuni (i^), &c., on 
brittle reddish quartzose grits, well shown at Plaidy Beach, 
the * Pleida ' of Peach. 

Peach ^ here records the discovery of Crinouh, TurhhwUic, 
Orthoce rat lies, Productcr, Spirifera'^ &c., in arenaceous very 
fossiliferous friable schist. Purple, yellow, and grey mottled 
igneous rock occurs in the section. 

Between Plaidy Beach and the next exposure of these 
beds near East Looe (Gun's Hillj the rocks are dark grey 
slates with igneous rock in several places, some limestone with 
zaphrentid corals near Chough Rock, and interlaminated cal- 
careous beds coming on toward Looe. A large Sjiirifer was 
obtained (at about 700 yards from Millendreath Beach), and 
crinoids are, as Peach noted^ abundant. The igneous rocks 
resemble those of the Torcross section, and are displaced by 
faults. 

At Gun's Hill, about 200 yards from Looe Pier, grey inter- 
laminated calcareous shales with bright red bands and veins 
and patches of monticuliporoid limestone overlie (invertedly) 
pale pinkish brown quartzose grits (hard and brittle), contain- 
ing Pleurodictyujn prMematicum, with lenticular patches of 
red limestone with calc spar, patches similar to those in the grey 
beds. The grits have red ferruginous specks and glistening 
greenish yellow shaly flakes; they contain numerous impres- 
sions and casts of fossils. They are probably brought on by 
a faulted inverted syncline. Peach records numerous crinoids, 
largo shell impressions, Turbinollce, Favosiies, Fen^stellcey &c., 
in light coloured, occasionally red, quartzose grit and, in hard 
quartz- veine<l red rock, crinoids, corals, Terehrutiditesy &c. 
The grit rocks cannot be traced from Gun's Hill to Plaidy 
Beach. There are buff and drab slates or shales in the inter- 
vening distance associated with arenaceous material which 
may represent them, and there are similar signs of the deteri- 
oration of well-marked fossiliferous grits, &c., toward St. 
Martin, and toward the western end of the Kilminorth mass. 
Arenaceous beds or arenaceous and argillaceous shales may 
represent these gritty developments at, and east of, Pelynt. 

The Plaidy Beach grits are continuous to Bucklawren, and 
the same series runs from Bucklawren toward Trenant Wood, 
whence they continue to Trclawne and Barcelona. 

From Sandplace and Morval to Looe and Bucklawren the fos- 
siliferous grits and argillaceous and arenaceous equivalents (?) 
are well represented. Between Bucklawren, Hesscnford, and 
the Portwrinkle fault, although the grits can seldom be 
separated out, the persistence of the fossiliferous series as a 
whole has been proved by many observations, and grits, anala- 
gous to those of East Looe and Plaidy Beach, occur near 

* Tram, lioy. Geol, ISoc, Com,^ vol. vi., p, 19. 



%l) tOWEK DEVONIAN. 

llossonfonl luid near tlve Portwrinkle fault on the north side 
of IVnlredda Wood, also amongst arenaceous and argillaceous 
rocks near Treyone, 

Opposite Ij(K)e Station rtnldish crystalline limestone occurs 
iu a small mass overlying slates with fine tuii's. A wall con- 
ceals their reh\tion to slaty grits on the south. At the Globe 
Inn bn)wn decom}K)se<l shaly beds, with hard blue limestone 
lenticles» wen^ se<*n. Near Looe Station the railway cutting 
shows caU*aivous slates or shales, much decomposeil friable 
material, more or less lenticular beds of crinoidal lime- 
stone, auil grey and drab weathere<l, locally red-splotched, 
slates ami grey and brown slaty calcareous grits, with hackly 
fracture. Near the Gas Works further north red and purple 
tine slaty grits, slates, and red-speckled quartzose grits, with 
fossils, come on. A quarry behind the Gas Works yielded the 
following specie>, determined by Mr. E. T. Newton: — 

Orthotetes hipparioDvx raiiiur. 

Spirifer. 

Streptorhx' nchos. 

Pk^imMiietyuu] problefnatieum Ooldf. 

For a ijuaiter of a mile to the north the rocks chiefly con- 
sist of verv fossiliferous slates or shalv beils occasionallv with 
limestone out mor\^ otten with deix^mjH^sed friable bands. The 
following werv obtained by tlie niilway north of the Gas 
Works ; — 

8(uriCt^r prini^^TU:!^ S;<rii«« VIouiv^ctTaai probleniaticiiiB Gi)idL 

A butt rvvk* apiMreutly a tutf similar to that opposite Looe 
Station, was uo;uvt.i on the south side of the tish ponds at a 
mile north ot K^ist L^hv. 

A: aWut h^It a uiile trv»m this, up the tributary valley 
tow;fcni Xlorv^iL iherv* is a quarry /^ At Steps ' when? Peach 
obtaiuevl oriuoids ir. rri.^Ke arvuacxx>u> stone seaais between 
Kn:s quArrievi xer txvr.oniic l>urJx^^^*^, Tht: >lji:es her^ cvntain 
ivmpAo: Arid rv>Ui:h cri:. i»u :tix hill aK^ve the quarry near 
S^ertshiV. Wvxy: a x"*^:^". *:'• rv>e:ublmc ;ik vcui:^ s?ecii2.eii oi 
^c. c-^/ff r*^A> S:e::i . w-u> obtuinev:. The ooniioc: «ti:< 
rv:>*?:-b> :bLt^ x\i> rwi.iisi brvw- ^ri: of Looe, bii: tiev ar^ 
<»alY vVvas:v:u\*,v ::::e: w::h Ar.i.ncs: :he ^rev s^Ate^s with 
vievvrLUv.^v. vA*s*-.irw\:> tv.dtttr .ir.i >*jl:y Vrv wr.-w^a:iL^ryc yrits 
a::.,: > -. V . >• jv.i V"^!* Arviv.U'jv^is r.vis viiwl--':^^: s».'»ti ?t Cor- 

. ir. •:•>•; v -• .vvur> ir. :!ie <_>:«> .'v-.x-s.^t N^v.^r^jt:-' ,:l :ae 
wri>: >*i.xv : :iix* V\is: L«.xv; a" aV-- x.*.: jl ri'^r >*.'a:bL of 

a: a ^/JsirT^fr .: j -•: ^ t^irti^r si.-jLti A- LI V yirxis ixce ^utst 
vTa TX-i ^u.>c -*^ "*ie v:r».e<> fixl: .-.ttect rvferT^xi %\ 
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limcsione here and there are exposed by the road which forks to 
the right leading to St. Martin, and behind a new house hard 
quartzose grits and grey partly calcareous slates. This is the 
new road cutting in Common Wood referred to by Peach, as 
exposing many beds of limestone and similar rocks to those of 
Portlooe with Cyathocrinus and a greater quantity of bivalves. 
On the east side of the Millendreath Valley, west of Buck- 
lawren, fossiliferous grit stones contain crinoids, a fossil like 
PoteriocrinuSy Sjyirifery and Pleurodictyuiti prohlematicimi 
Goldf. On the opposite side of the valley east of the school 
there is a quarry in tough arenaceous slates or shales breaking 
into rough irregular slabs and associated with some brown 
weathered grits containing small crinoid ossicles and impres- 
sions suggestive of Chi/netes. 

Between Longcoe and llessenford, and Bucklawren and the 
Seaton Valley, the rocks present similar types and structures 
to those in the grey Meadfoot beds of Torquay, and signs of 
fossils are met with here and there throughout. Near Long- 
coe, north of the school, signs of brachiopods are met with m 
tough brownish grits associated with buif and drab arenaceous 
slates. The large farm by the road to Trelowia half a mile 
to the east of No Man's Land is called Lower Treveria, and 
the smaller farm west of it Higher Treveria; fossiliferous 
grits occur in grey slates near the latter, and in a quarry by 
the stream north of Lower Treveria fossiliferous slates are 
exposed. 

Between the confluent streams further east irregular slaty 
limestone was noticed in the wood near the path to Tredinnick. 

At three-quarters of a mile north-west of Bucklawren there 
are fossiliferous slates, shales, and grits. 

On the margin of Keveral Wood, over a mile due east of 
Bucklawren, irregular grey gritty slates with brown decom- 
posed material are exposed, with south-easterly dips, in a 
3uarry; near this there is surface evidence of a patch of red- 
ish grits and of fossils resembling ChonHes. The strike of 
these horizons carries them across the Seaton Valley in the 
direction of Treyone. Up stream to within half a mile of 
Hessenford we get exposures of slaty calcareous grits and 
slates with limestone, recalling beds at Noss Point by the 
Dart and elsewhere. If these beds were exposed on a coast 
line they would present the same series as that so well shown 
on the Tregantle coast. East of Trelowia distorted fossils 
occur in them, and elsewhere. 

Toward Hessenford reddish and grey quartzose grits of Looe 
type come on ; they are probably shifted or bounded on the 
east by a north-easterly fault. West of Hessenford by the 
turning to Trelowia slaty calcareous grits of a characteristic 
Meadfoot type are exposed with a low westerly dip. 

At half a mile west of Hessenford a quarry exposes similar 
siliceo-calcareous slates with numerous decomposed distorted 
fossils. The cleavage dip is south-east, and the rocks are inter- 
sected by a fault. 

East of Hessenford, at 660 yards from Bake in a direction 
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S. 10^ W., brownish sandy slates and brown grit have been 
quarried. From the numerous distorted casts and impres- 
sions of fossils they contain the rocks must have been largely 
decalcified. Amongst the fossils obtained, Mr. E. T. Newton was 
only able to determine one specifically, viz., Str€j)torhynchus 
gigas (McCoy), Orthis and probably StrophomeTia also occur. 
Friable fossiliferous films occur in the slates near Minard 
and between Minard and the Portwrinkle fault (in a quarry 
by the lane and on the north side of Perdredda Wood) the 
slates or shales contain fossiliferous friable bands with 
numerous distorted brachiopods, and are similar to those in 
the quarry near Polyne, between Hendersick and Barcelona. 
West of Minard small fossils, chiefly crinoids, occur in brown 
gritty rock. 

Having now traced the fossiliferous rocks from the East 
Looe valley eastward to the Portwrinkle fault, we have to 
trace them from Looe westward. From West Looe westward 
the rocks are more or less red in colour, and contain quartzose 
red-speckled grit. If their boundaries have any strati- 
graphical value, as very fossiliferous grey rocks occur on the 
north side of the Portnadler fault and are not represented 
south of Port looe where the dark slates bounding the red 
rocks seem to be below the fossiliferous horizons, most of their 
southern boundary must be a fault, joining the Portnadler 
fault near Hendersick. 

Mr. Upfield Green has recorded the following fossils from 
a quarry in West Looe (south side) : Orthotetcs hi p2)ariotiyx 
(0. persmuda), Spirifer pj^imcvvus, Sj)- sp. (cf. ^rmcropterus), 
Streptorhijnrhus glgas, Pleiirodidgiim problemaiicum. 

A small quarry at half a mile west of Portlooe exhibits 
purplish red-speckled quartzose grits and fine grained grit 
with straw-coloured flakes or small sheared patches. They 
contain small fossils, chiefly crinoids, and are either faulted 
or folded. 

Peach compares the friable arenaceous rocks with fossils in the road 
cuttings between here and West Looe to those of the Blast Looe cliffs ; near 
Portlooe he recorded a fossil resembling Nucula, TerebrattUcE, and crinoids 
in hard grey speckled rock, and in quarries in hard red quartzose rocks at 
the head of the (then) new road to Looe, bivalves TerehrattUce, Cyatho- 
crinus. 

Very fossiliferous brown rock probably containing Orthotetes 
hipparionyx was exposed by the road to Talland on the east 
side of Hendersick. At half a mile from this very fossiliferous 
grey grits and shales with arenaceous films are exposed neat 
the Portnadler fault and south-west of Tencreek, the large 
farm not named on the map. Besides zaphrentid corals, Ortho- 
tetes hipparionyx (Vanux), Spirifer primcevus Stein., and 
Pleturodictyum qrrMematicum Golaf., identified by Mr. E. T. 
Newton, were obtained. 

Polyne is the farm shown, but not named, on the map, 
300 yards south-east of the Roman Catholic chapel. North 
of Polyne and east of the Roman Catholic chapel there is a 
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quarry in grey shales with infercalatccl brownish friable 
Kissiliferous bunds (lipping north. From this quarry Mr. 
[Ipfield Greeji obtuiueit Athi/ris, sp., Orthotdes hippurionyx 
(^ Orthis personnUi), Rhijnchonellu i>en(felhj;in<i{y), Spirifer .sp., 
Slrejitorhi/itchiis (cf, umhraiulum) preseiite<l to the jerniyn 
Street Uu^eum, and a fasiiil figured and named by him 
Nereitopsh wmuhicas} 

Since this manuscript was compiled the results of further 
search in the same quarry has appeared.'' The following 
being the complete list; — 



Venestella. 

Fachypora. 

Petmia |iaiiciradInU [PhiU.) 

P. celti<-a (Uin.) 

P. radiata Mnnrt, 

V. piHictatocronuIatn Ri'.m. 

1*. tC'K'" A/rCnif. 

I'lciirodictyuni problcninticiiin 

Loilanolla iiiim Kayxer. 

Nerelti>psl!i. 

Phacojn ferdinimdi Kaiiff.r. 



Strophodonta gigaa McCoy. 

S trcptorh V nchus. 

Athyris cf. undata Defr. 

Hliyiiclionelln. 

} Ceil soli aria. 

Ortliis personata Zeill. 

0. Y.ilvaria Schf. 

O. circularis How. 

Sjiirifcr prinui'viis SIriii. 

S|i. siibcuspidntiiH Hrhimr. 

S[i. cr. hystcricuti .S'uhf. 

CHnoid columns (some- J inch a 



«.). 



Similar shales, intcrlaminalcd with decomposed fossilifor- 
ouB matter, occur north of the Looc Gas Works and at Millen- 
dreath, where they are peroxidated. 

Hetween Pnlyiie Quarry and the Iteservoir, very fossiliferous 
brown slaly rocks and hard grey grits with crinuids are 
exposed in a quarry in the valley, which may bo seen from 
the high road fo Looe. 

At tlic lleservoir there is a quarry in hanl stales inter- 
leaved with brown friable fossiliferous material with zaph- 
rentid corals and iiumen)us traces of brachiopods. 

In Trenant Wood hard grits, often reddish, associated with 
aliitos and slaty grits, contain crinoids and brachiopods, and 



Fig. 2. — Section ojiposite Looe SUiti 




are brecciated with glistening shaly flakes. These bedu are 
repeated by numerous folds, together with grey slates with 
occasional limestone bauds and much brown friable material, 
which probably underlie them. Isear the point opposite Looe 
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Station the hard grits and slates are faulted or thrust (Fig. 2) 
against brown shaly fossil if erous grit and grey slates with red 
mottling and sheared buff decomposed igneous rock. 

In Kilminorth Wood the same series is continued by yel- 
lowish-buif and red shales, grits, and slates, and more or less 
calcareous grey slates and shales with igneous rock and lime- 
stone in places. A greyish fossiliferous grit in Kilminorth 
Wood contains crinoids and k small Pleurodutyum. 

A quarry near Kilminorth exhibits buff shaly arenaceous 
rocks, and from thence westward hard grits are less plentiful. 
At Barcelona yellow and pale buff slaty arenaceous rocks give 
a northerly cleavage dip of about 45^; the bedding may dip 
north at 25^. 

In Barcelona Quarry Peach obtained ill-defined encrinites in brownish 
red rock with a great quantity of quart z.l 

Jonathan Couch* described the Barcelona Quarry (at Trelawny) rock as 
pnle yellow stone separating into thick slabs, useful for building as it bears 
dressing, dipping north, and worked to over 40 feet from the surface. 
He considered the crinoidal remains obtained as similar to those found at 
Tremayne, west of Pelynt Church. Mr. Collins gives Trelawne (Trelawny 
according to Couch), as the locality for Petraia trelawniensis, and 
Cyathocrinus annulatus. 

From here to Pelynt argillaceous and fine arenaceous rocks 
seem to prevail; there are few exposures, and apparently 
very few signs of fossils or of calcareous beds. 

On the north of Trelawne by the road to Kiln Wood there 
are fossils in the slates. Calcareous slates and sheared igneous 
rocks are exposed here and there by the West Looe up to 
Sowden's Bridge, and for some distance further north friable 
material occasionally fossiliferous has been detected in the 
slates; but the slates, slaty grits, hard grits, and arenaceous 
materials, which occur on the north of Trenant Park give no 
indication of a definite fossiliferous series, although they are 
no doubt in part unpromising representatives of it. 

On the north of the Dartmouth slate anticline and of the 
faults which form its westerly continuation, reddish grits of 
the Looe type only occur at Wringworthy on a fault line. 
The rooks are grey slates sometimes argillaceous, with occa- 
sional beds, bands, or seams of compact grit. At Plashford 
they are fossiliferous and contain some limestone. 

About 200 yards north of Plashford on the west side of the 
East Looe river crinoidal limestone occurs in thin papery 
shales, and there are signs of calcareous slates at about half 
a mile further north. At about half a mile east of the Plough 
Inn, Duloe, there are signs of crushed brachiopods in the 
slates. 

By the road from Bin Down to Liskeard decomposed fossili- 
ferous material is intercalated in the slates in places, almost 
up to the Staddon grit boundary. Crushed fossils are to be 

' Tr^ms, l^oy. GeoL Soc. Corn.j vol. xi., pp. 4*21 and 559. 
a 7W^/., vol. vii..p. 249. 
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seen in it near Polgover.' A quarter of a mile south of Pol- 
gover partly calcareous slates dipping soutQ -south- east at 33° 
are exposed in an old quarry. South of Lower Trenode hard 
blue-grey irregular slaty grit containing crinoid joints and 
brown fossil traces crops out not far north of the variegated 
Dartmouth slates. 

In the Seaton valley the Dartmouth slates are bounded by 
dark-grey slates which might belong to the basement beds 
of the Jleadfoot group. About 300 yards north of the junc- 
tion on the eastern slope slaty, partly calcareous, fossiliferous 
rocks with hard grit were noticed. South of Catchfrench, at 
a quarter of a mile east of Bonialva, the Dartmouth slates 
seem to be bounded by similar fossiliferoua slaty grit. From 
this evidence there can be very little doubt that a considerable 
part of the Meadfoot group is cut out by fault, or thmst, on 
the north of the Dartmouth slate anticline. 

We have now to consider the smaller area occupied by Ihe 
rocks of the Meadfoot group between the Portwrinkle and 
Cawsand faults, commencing with the coast section. At about 
a quarter of a mile from Sbarrow Point in Crowstone Cliffs 
the variegated Dartmouth slates give place to grey rocks; 
there is a fault which may affect the junction. On one side 
of it dark slates with hard quartz-veined grits occur; on the 
other, reddish and grey slates with hard griis. At any rate, 
rocks of Dartmouth slate type do not reappear until we 
approach Portwrinkle, arid from here to the Tregantlc valley 
the rocks are comparable to those forming the seaward reefs 
on the East Looe and Millendreath coast. 



Vm. 3. — CUavu'je a-nd btddiiu], 640 yards v:est of Sk'i'n-ow Point 




At about 040 yards from Sharrow Point cleaved grlta exhiliit a gentle 
sj-neline in a beach reef.thecleavagedipbeing smith-east atSo" (Pig.3). At 
about 100 yards from this a sharp ioverteJ aiiticline in shown in a. reef of 
hard grits. Slates, slaty grits, and hard grey grit lie:! s, general I y dipping 
south-east but much contorted in places, are seen fnr tho next 2CK) yards. 
The grey colour hem gives plice to red, introducing a series of shalf 
calcareous and siliceous rock» with seams of crinoidal lituestone at the 
Tregau tie valley where the red colour local y gives pliice to grey, brown, or 
yellow. The dips are easterly at 35" and 45°, 

We then successively encounter buff and yellow uhales and soft sand- 
stones with hard irregular ferruginous bftnds (pan) for 100 yards, a colour 
change from yellow to red for 10 yards, buiT and red saiiily slates or shales 
with brown ferruginous mottling for 50 yards, .'J feet of rod and bluish 
limeetone with numerous crushed and distorted fossils (monticuliporoid 



' Giles {Iran'. Moi/. Geiil. Soc. Cam., vol. vii., p. 99) oimipares durk brown 
fossilifeious beds at Polgover Cross n:th Iccnmposeil beds at L'>oe. and sug- 
gests th^ inc?asion uf tbj Bin Down (luarl^ i-ocks in tha fisb bed series. 
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corals ?, &c.), bluish aanAy shtiles mostly buB through TCeathering tor 
24yaKU. 

Up to this tlio apparent dip is iiiiltunn, at :ibout 33° east by south, but 
here it cliangCH to 45° and there ar« sI^b of a shurp invertt^d aDticlioe, 
aiid of contorted qimrtz (? bed) veins, Fossiliferoiis ijiut-Htone occutb 
In tho Jiiill rocks tvhich cuiitinnc to the strip of Head south of 
Blarrick, witli iudicntions of bedding at 15" crossing cltiavage planes 
with a di|i of 50°. Tho general direction of dip is alwajs easterly between 
east and south-cast uuless stated to the contrary. Under tho Head grey 
and buff slates ivitb Icnticlea and lenticular masses ot limestone give 
(cleavage ? ) dips of 45", A path here ascends the cliff and brittle gnts 
crop uut; a decomposed mass of igneous rock is visible under tlie Head. 
There may be ii fault here, bringing on deep red »late",a si iicco- calcareous 
series containing llmcst<me and many crushed fussils, with cleavage dips 
of 40'' increasing to GO", traversed by Indications of )>cdding with a dip ot 
10'^ increasing to 35". The red colour gives place to grey aiid buff here 
nnd there. These beds give place to piuk, whitish and n^, distinctly 
bedded, arenaceous roeks with ferruginons coueretiuns and beds of hard 
brittle, quartzose.or compact, grit with dips of from 20° to 30°. There are 
indications of a fault at about 100 yards from the Head, and at about 200 
yards furtlicir on the grits soeni to reht on rod, grey and biitl states, mostly 
siliceous, more or less calcareous, aud with beds or lenticles oE limestone. 
Dips ot 20° to 25" traverse cleavage planes dip pi ug at frnni GO" to (H". 

Toward tlicir faulted termlnaliiiu at Bhiclt Ball t'ltlf about a mile from 
I'ortwrinkle, the direction of dip changes from east by smith to suulh- 
soudi-east. A small mass ot yellow- weathered igneous roek occurs at tbti 
fault (Fig. 4) which .■ieparates the calcareous ulates from contorted grita in 
part slaty and with brachiopods. The grits are apparently taultedagniust 
dark slates with gnarled si gus of contorted bedding, evidently belonging 




to the basement beds of the .Meadfoot group. Near this, greenish and 
purplish tints suggest the prehenire ot Dartmouth slates, and (liey arc 
ah>o present near Crafthiile, bnt otherwiso {mm lihick EatI faidt to I'ort- 
winkle fault the rochs consist of dark grey slates with beds of hard grit 
aud siliceous interbauding, and may be included in the basement beds. 

TLis coast line, through low easterly dips, presents the 
appi'iiraiioe of a great thitkiiess of largdy decalcified fossili- 
fcroHS rocks outcropping in regular .sucpessioii ; the arciiaco- 
0118 and calcareous beds have llieir exact e(|uivaients in the 
niasl section south of .Staddon (in Sheet -U'.*]. Wc finil in them 
also repeated resemblances to the rocks of Hingmorc type in 
the Kingsbridge an<t Snlcomhe area, aud in the section from 
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Scabbacombe Head northward toward Brixham, as well as 
representatives of the Looe fossiliferous horizons. But in 
none of these areas is there so great and apparently continuous 
a development of fossiliferous beds. 

This is probably due to the reduplication of the strata by 
fault south of Blarrick, where the clilf is capped by 
Head, and to repeating curves which cannot be detected 
through absence of indications of bedding in deconi])osed rocks 
which seem to be shales but may really be slates. AVith all 
deduction, however, the minimum thickness of these fossili- 
ferous strata can hardly be less than 'U)0 feet. 

From the coast these beds extend through Crafthole to the 
Portwrinkle fault, up to the valley on the north side of Tre- 
wrickle. From this their northern boundary with the over- 
lying grey slates runs eastward to Trethill House in a very 
irregular manner, owing to faults and folds; deflecting south- 
ward from Trethill House it assumes a more regular easterly 
trend till terminated by the Cawsand fault south of Antony. 

Traced inland from the Tregantle Valley, the boundary 
between the fossiliferous beds and the grey basement slates 
and grits is exceedingly indefinite, and on the south of Lower 
Tregantle is further complicated by fault. In the mass of 
Dartmouth slates round Higher Tregantle synclines of Mead- 
foot basement beds are almost sure to occur, but the surface* 
evidence is too meagre to attempt a separation. West of 
Millbrook both the fossiliferous rocks and basement beds are 
represented. 

• 

At Trewrickle grej'^-buff and whitish grits crop out. At about a quarter 
of a mile north-east of Trewricklo hard calcareous slates or shales with 
some limestone and decomposed friable residues dip south-east at about 
20*^. Ori the hill above, at a quarter of a mile east of Trewrickle, two dykes 
of decomposed igneous rock are visible in a quarry in greenish grits. The 
grits contain shaly friable fossiliferous material, and dip south at about 
35^. The strike is shifted south by a north and south fault near this, and a 
syncline brings the grey slates from Trethill westward in the valley 
toward Crafthole. 

On the south of Trethill House purple, yellow, and white 
grits, of Looe and Torquay (Lincombe and Warberryj types, 
with traces of crinoids, come on. Following their general 
strike toward Crafthole, soft arenaceous grey-green rocks 
with decomposed limestone and numerous distorted fossil casts 
are exposed in a quarry (near Liscawn Farm). The dip is 
south-south-east at bo^. 

From here to Blarrick and Tregantle grits and arenaceous 
rocks of red, pinkish, buff, and whitish colours are evidenced 
by surface stones and in occasional exposures ; friable seams 
and traces of fossils may occasionally be obscn-ed. The sur- 
face evidence here is so like that of Lincombe and ])arts of 
Warberry Hill, Torquay, that when this district was first 
explored in 1894 the rocks were taken as Sta<ldon, an error 
entirely due to the acceptance of the dictum of previous 
observers that the Lincombe and Warberry rocks were the 
same series and above the Meadfoot beds. Although these 
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rocks are described under the heading of Si addon grits in 
the Torquay Memoir, the probability of the inclusion of the 
Lincombe beds in the Meadfoot group is distinctly stated.^ 

At and Dear Blarrick yellow, brown, and whitish arenaceous beds and 
grits occur, and also yellow and red beds in which fossils resembling 
Chonetes were noticed. Brown friable fossiliferous material and purple 
buff and greenish broken slates, grits and shales are exposed, east of this 
up to, and by, the military railway from Tregantle to Scraesdon Fort 
where Favoaitcs and Fleurodictyum and impressions like Or thin were noticed. 
Similar evidence is obtainable about Lower Tregantle, and at abont a 
quarter of a mile to the east of that hamlet very fossiliferous shaly 
reddish rocks, recalling beds in the New Cut, Torquay, crop out. The 
fossils are much distorted ; Spivifer prima^vus h'tcir. was doubtfully 
recognized amongst them. At about half a mile east of the church at 
St. John's, on the north side of the valley, there is a quarry in soft shaly 
beds with grits and reddish-brown decomposed fossiliferous material 
including crushed brachiopods, corals, and crinoids. 

South of St. John's greenish and red grits and slates or shales with 
traces of fossils are visible between the faults, which cut them off against 
Dartmouth slates on the south and higher horizons in the Lower Devonian 
on the north. 

If the southern boundary of the Dartmouth slates north of 
Withnoe be prolonged to the place where the fault of Ins- 
work Brick Pits crosses, or coalesces with, the Cawsand fault, 
it forms the base of a scalene triangle with its longer side 
represented by a line drawn from the eastern side of the 
northernmost patch of felsite to an apex on the Cawsand 
fault near Millbrook Church. The area thus enclosed may 
be either Dartmouth slates or coloured rocks of the fossili- 
ferous Meadfoot horizons. By the road toward Millbrook, 
purple, greenish, buff, and grey slates are here and there 
exposed, but no signs of fossils have been found in them. If 
Dartmouth slates, this triangular tract is enclosed by faults. 

On the west of this doubtful tract yellowish-brown and grey grit-shales 
and slates with brown friable fossiliferous interbedded material are exposed 
dipping south near Millbrook and by the plantation on the map on the west 
side of the tributary stream which rises in the northern patch of felsite. 
At the road junction near Withnoe there is a small quarry in irregular 
grey-green slates with friable fossiliferous patches and compact brownish 
grit dipping south at 40*^, cleavage at 60''. Further west there are signs 
of grit with small fossils. The extension of the basement beds through 
lack of exposures is very doubtful, and the relations of the Dartmouth 
slates may bo affected by faults or plications, their boundary on either 
side of the Withnoe felsite being generalized and conjectural as there are 
no exposures or surface indications to guide one. 

To the north of the fossiliferous horizons the rocks of the 
Meadfoot group consist of grey slates with occasional beds 
and scams of grit. They very rarely afford traces of fossils. 
The igneous rocks in them east and west of Sheviock may be 
intrusive diabase sills. At the Mill (Delabolc Mill) east of 
Sheviock hard brown bands afford a pretty example of joint 
cleavage (Fig. 5.). Their bedding, at 30° south, traverses 
cleavage dipping at (55° south which is deflected in crossing 
them to 74° north. 

1 "Memoir on the Geology of the Country around Torquay," p. 35. 
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As already stated, these beds might possibly occur at 
Antony and at St. John's, through the looping of the Cawsand 
fault. Their similarity to dark slates of the Middle or Upper 



Fig. d.—Nmr Ddahoh Mill, east of Shevioclc. 




Devonian in a fresh or pale weathered condition is always a 
source of perplexity where, as near t'atchfrencli, an unseen 
fault brings them in contact. 

The fossiliferouB rocks in the Meadioot group, as may be 
inferred from Mr. Collins' lists, received less attention in 
Sheet ;J48 than in the neighbourhood of Fowey and Folruan 
in the adjacent Map ii47 on the west. The I'owey rocks pre- 
sent a similar development of arenaceous material to that in 
the fine Tregantle coast section. Probably through distor- 
tion tli£ numerous casts and impressions of fossils have 
furnished a comparatively scanty fauna, though the species 
identified are often numerically abundant.' 

Honudonotui, bo plentiful in the Torquay promontory, is 
not recorded. Phacops laciniatus (Salter), is said to occur 
at St. Keyne, therefore probably in Btaddon grits or Middle 
Devonian rocks. 

Polperro is given as a doubtful locality for Actinoceras 
devonicans Whidb., this cannot be accepted without absolute 
proof. Holopella or Loxonerm are also said to occur at Pol- 
perro; but all the fossils said to occur at Polperro, other than 
lielUrophon and fish remains, require more precise definition 
of locality,* as the rocks are Dartmouth slates. Under Spirifer 
culiHjugatus, Davidson remarks in his Monograph:* "This 
large Spirifer occurs plentifully, but in a very distorted and 
compressed condition, in the state of internal casts and impres- 
sions, in the Devonian grits of Loo© in Cornwall." Under 
Spirifer prinuevtts in Mr. (Rollins' working lists Sp. eultri- 
jufftilus is included as " probably erroneously identified l»y 
Roemer." 

' Trans. Boy. Qeel. See. Oith., vol. xi., p. 421. 

' Ab, for inatance, Rhyncbonella ptn^elliana and Bjnrifer primaews in Hr. 
Collins' working lUt 
^ Jul. 8m)., IW2, vol. svi., p. of Monoffrapli) 36. 
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The iollowing list is compiled from Mr. Collins' Papers, 
Davidson's Monograph, and the other sources mentioned: — 

(rasteropoda, 
Pleurotomaria canoellata Pkil, In tho L<xm; beds according to Couch. 

LamcUibranchiate. 
Capuliis sp. Said to occur at Millendreath. 

Brachiopoda. 

Atrypa a8i)era {Schloth,) Looe. 

A. dcsqnatnata >Soi(? ... Looc. 

A. reticularis (Litnie.) Looe. 

Lopt(pna (?) laticosta (Tropidoleptus rheiianus) Conrnd. ... Looe. 

Orthis arcuate, i*/ii7 Looe. 

O. Iiipparionj'x (Orthotctes personata) (Faiiii.vem.) Looe, 

Kliyncliouella pongelliana Davidson, Flattened and distorted external 

impressions and internal casts in yoHow sandy rock at Looe. 

Spirifer harumionsis Davidson L^)oe. 

Sp. ciirvatiis {Schloth,) Compressed oist-i, doubtfully referred to this 

species by Davidson, Loop. 
Sp. hystericus Schloth, At Looe according to lloll. • 
Sp. hevicostus (Viden.) At Looe according to Etheridge. 
Sp. prinuevus Stein, L;x>;» district. 
Sp. speciosus Schloth, East Looe according to McCoy, not corrobo- 

ratt»i by Davidson. 
Spiriferina cristata {S':hloth,) Var. octoplicata {Sow.) Distorted 

casts abundant in yellow grits at Looe according to Davidson. 
Streptorhynchus gigas McCoij, Looe district. Quarry south of Bake. 

Internal casts of ventral valve according to Davidson at Looe. 
Str. (?) persarmentosus Mc(U)ii, Common at Kiist Looe. 
Str. umbraculum {Schloth.) Looe district. 

Cornls, 
Alveolites labechei Milne Edtc. At Millendreath and Pelynt accord- 
ing to Peach. 
Caunopora ramosa Lonsdale, At Looe according to Peach and Couch. 
Favositiis cristata Milne Edw, At Millendreath, Looe, and Pelynt 

according to Peach. 
F. fibrosa Milne Edw, At Looe according to Couch. 
Petraia celtica McCoy. Said to occur at Ka^t Looe. 
P. trelawniensis. Species occurring at Trelawno according t ) Couch. 
Pleurodictyura problematicura Goldf, UxHi district, &c. 

Annelida. 
Nereitopsis cornubicus Upfield Green, l*oIyne Quarry. 

Echinodernuila. 
Cyathocrinus annulatus. Trelawne, according to Couch. 
C. niegastylus. Whitesand Bay, according to Phillips. 
C. nodosvs. Chough rock near I^ooe, according to l*each. 
Encrinites (?) glonieratus. Trelawne and Bake, according to Couch. 

Cho/irtcs is certainly ])resent, hut C/ionrtas hdii/rrnsi.^, said 
to occur in ihc Looe beds by Etheriilge, rccjuiix's confirmation, 
C. /j/ehcid, and ('. sovdidd are very much more likely to occur. 

The Trcgaiitk^ coast .section gives a n;ore unbroken sequence 
of I'ossilil'erous beds than is elsewhere accessible in tlie area, 
and tlie relative positions of the fossils could be more easily 
ascertained, if a protracted search were undertaken with the 
view of ascertaining the existence and sequence of fossil 
zones. 

Staddox Guits. 

On the east side of Plymouth Sound the Staddon grits make 
their first a])])ea ranee (in Sheet 'U9), at alK)ut 1,000 yards 
south of Mount Batten Coastguard Station, in a sliarjdy plicated 
fold of hard quaHzose grit in Middle Devonian (Eifelian) 
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slates with hard brown-weathered nodules and lenticular bands 
and occasional seams of limestone- The junction beds, often 
obscured by thrusts along the inverted plications, are repeated 
for 300 ^yards. The grits then come on in force with a south- 
westerly strike, nearly coincident with the projection of the 
Staddon coast for about half a mile. The grits are reddish- 
grey, red, and purplish-grey, and are intercalated irregularly 
with grey and reddish slates, shales, and argillaceous slaty mud- 
stone. Tliey are excessively contorted throughout, the con- 
tortions being well shown by the thick grit beds which have 
been bent and crumpled without fracture. At Wyatt's Way 
a dark mudstone band in them contains fossils. 

At Leek Bed Bay, a quarter of a mile from Staddon Point, 
intrusive igneous rock is visible, and near this grey rocks, 
which may be the upper beds of the ileadfoot group or the 
base of the Middle Devonian, are brought in by plication. 

In a quarry above Staddon Point Fort several conglomeratic 
beds with argillaceous rock inclusions are intercalated in even- 
bedded purplish-brown micaceous grits, fine grained and 
occasionally flaggy. Markings resembling plants occur in 
them. 

On the west side of the Sound the Middle and Lower 
Devonian junction is rendered indefinite by thrusts and 
plicated repetition for about iMiO yards from Bedding Point 
(about half-way between * The Bridge ' and Picklecombo 
Point on the map). From here, for more than a mile up to the 
Cawsand felsite, the low cliffs and foreshore reefs display 
reddish and purplish-brown and occasionally grey grits irregu- 
larly associated with argillaceous slaty and shaly materials. 
Although often nearly horizontal the rocks are evi<lently much 
contorted and intersected by numerous small faults and 
thrusts, and are penetrated by dykes of basic igneous rock in 
several places. Impressions resembling Spinfer hystericus 
were noticed (at Hoe Lake Point) at half a mile from Pickle- 
combe Point. 

At the base of the cliff, about 100 yards from the Cawsand 
felsite, an anticline of grey banded slaty rocks suggests the 
top of the Meadfoot group. 

Traced inland through the zone of plicated junction beds 
the boundary of the Staddon ^rits is usually more or less 
uncertain, but is otherwise easily trace<l. 

The argillaceous materials are sometimes interbanded with 
^rit or arenaceous material, and where this banded- association 
has been peroxidated, as is the case near the northern border 
of the mass in Pigshill Wood north of Maker Church, ihe 
deep- red and reddish-grey alternations form an easily recogniz- 
able type; but, as in the case of the red-speckled grit of 
Warberry Hill, these types must not be taken as indications 
of any particular horizons. Impressions resembling Chonetes 
Fere noticed in the grits near the Staddon outcrop between 
Maker Church and Mount Edgecumbe House. 

Tains or Head masks the slope down to the shores of Millbrook Lake 
at AndertoD, coDcealing the janction of the Staddon grits with the 
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Middle Devonian. It is probable that tbe grits strike across the Lake to 
the Southdown coast, where they are exposed in a quarrj' at the point, 
consisting of purplish, pale red, brownish, and buff grits and grit-shales, 
associated with slaty or shaly niudstones. Near Millbrook steam boat- pier 
the low shore is composed of red and lilac grits and of brown-weathered 
sandstones with ferruginous concentric markings. The north part of 
Millbrook affords no evidence south of the Inswork Pits, owing to a mask 
of Head. 

The set of the coast at Anderton, in line with the boundary 
of the grits on the Soulhdown shore, renders a south-west 
fault exceedingly probable ; but this is not sufhcient to 
account for the relations of the schalsteins (Middle Devonian) 
on the Southdown coast to the schalsteins in Inswork Brick 
Pits which are evidently the same series; so that, besides the 
fault in the Inswork Brick Pits, bounding the schalsteins there 
on the south, another fault shifting their westerly continua- 
tion southward is almost necessary. Un the north-west side 
of Penhale unctuous clay might mark the direction of such a 
fault, or it may form the north boundary of the Staddon grits 
on the south of Penhale and thence to Antony. 

The evidence on the ground is altogether insufficient to show 
the position of the numerous faults by which this part of the 
district is broken up. The manner in which the Staddon grit 
is shown to follow the direction of the Cawsand fault appears 
certainly to be due to position between two faults, one of 
which runs from Antony, on the north side of the Church, by 
Wolsdon House to St. John's. From St. John's this fault may 
run along the grit boundary, or among the slates on the 
north of it (marked by the unctuous clay referred to) to 
Penhale, and thence across the projection of Staddon grit, 
or on the north of it in an easterly direction to the broad 
Inswork Valley, there meeting a north and south fault. 

On the north of the grit boundary east of Penhale, some 
fossiliferous slaty mudstones in a manner recalled the fossili- 
ferous rock at Wyatt's Way on the Staddon coast. 

Between Antouy and Penhale the grits and associated slaty 
beds, judging from surface stones and imperfect exposures, 
are more often grey or brown than red. This makes their 
separation from the higher horizons of the Meadfoot group, 
south and west of Antony and Scraesdon Fort, very indefinite. 

The Lynher creek cuts through the Staddon grits, and by 
its shores and by the tributary creeks the series is very well 
ex])osed. 

On the coast of Fiarth Hill grey Middle Devonian CEifelian) 
slates with concentric ferruginous mottling are invertedly 
overlaid by rather even-bedded hard, greenish and whitish- 
grey grits and slates with films of grit, more or less rusty 
through ferruginous staining. The grits contain small pieces 
of slaty rock in places; the beds attain to 5 feet in thickness, 
and are in parts slaty. These rocks are repeated by constant 
contortion. On the south they are associated with arenaceous 
bands, becoming arenaceous or silty slates, the bedding being 
shown by the harder bands. In mgst cases, however, 
cleavage and bedding are approximately coincident. 
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The poiut between the Lynher and Sheviock Creek (Delabole Lake) is 
called Warren Point ; the junction of the creeks is known as Wackar Lake. 
At Warren Point slates, with well-cleaved grit beds or argillaceous slaty 
mudstones, are overlain by reddish grits (probably inverted) not affected 
by cleavage, and to the south and west the same beds are repeated with 
low dips, and, as on the Picklecombe Point coast, are irregularly pene- 
trated by dykes of peroxidated or buff-weathered igneous rock in four or 
five places. 

At a quarter of a mile west of Warren Point, buff arenaceous rocks, 
with thick beds of greenish grit and hard brown grits and slates, give 
place to grey slates with occasional beds of grit, which may belong to the 
upper beds of the Meadfoot group folded up for two hundred yards. From 
here to the Middle Devonian outcrop, buff, reddish-grey, and brown grits, 
slaty, shaly, and thick-bedded, associated with slates and arenaceous beds, 
often rusty from ferruginous staining, are repeated by numerous contortions, 
sometimes accompanied by faults. 

Signs of fossils were met with on the shore by Sheviock Wood at about 
one hundred yards from the Middle Devonian outcrop. Grits are repeated 
by fault or fold at about one hundred yards from the (Irst appearance of the 
Middle Devonian slates, which are here partly calcareous. From this the 
outcrop runs westward to the Portwrinkle fault, along the slope to the 
south of Soonner House and Polbathick. Yellow, buff, whitish-red, and 
purple sandstones and grits are exposed in places by the creek (Sconner 
Lake) on the west of Sheviock Wood. In a quarry 590 yards north-north- 
east of Tredis pale buff grits, or arenaceous mudstone, and purplish slates 
are exposed. Pale brown grits are visible in a small quarry a short dis- 
tance to the north. At about 300 yards north-west of Tredis grits, with 
traces of included slaty material, and sandstones partly peroxidated, were 
seen in a quarry. 

The boundarj^ of the Staddon group south of Tredis and 
Trewin House is rendered indefinite by the apparent associa- 
tion of grey slates with arenaceous materials, which may be 
due to plication of junction beds; the exposures are few and 
imperfect. South of Clicker Tor the Staddon grits again 
come on, their northern outcrop having been shifted nearly 
five miles to the north-west by the Portwrinkle fault. 

Partly from the absence of exposures and of surface evidence 
in grass lands, partly from the greater prevalence of the arena- 
ceous and argillaceous softer types, locally from marshy tracts, 
and very probably owing to faults of which no evidence can 
be obtained, their boundaries near Horningtops and Bylano 
End are purely conjectural, so that the suggested anticline of 
rocks of the Meadfoot group on the west of Bylane End is by 
no means certain. 

A quarry about 770 yards west of Pucklepit Bridge exhibits green grits 
or sandstones, associated with shaly argillace:)us materials and dark grits 
containing flat pellets of shale or mudstone. At about 300 yards west of 
this, in another quarry, green grits or sandstones, dipping south, rest on 
purple and greenish argillaceous rocks ; the purple material resembles a 
sheared clastic rock, made up of shale fragments. To the south of these 
quarries a section of shaly argillaceous and arenaceous rocks is exposed in 
a straight bye-lane. Soft buff and brown sandstones occur at about a 
quarter of a mile north-west from Bylane End. Besides the above the 
indications of subjacent rock are confined to occasional surface stones. 

About 200 yards north of Pensipple, drab-weathered sandstone, with a 
southerly dip, is exposed, and at a quarter of a mile east of this there is a 
quarry in grey and greenish rough grits or sandstones, and grey argil- 
laceous slates or shales with arenaceous films. At Trewidland yellowish- 
brown sandstones and shales dip south. Buflf argillaceous and arenaceous 
rocks are evidenced at Pensipple and near the J^st Looe Valley. On the 
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opposite side of the East Looe Valley a quarry by the road shows hard, 
irregularly jointed, grey and dull green-grey grits, dipping south-by-east. 

The irregular boundary of the Staddon grits near St. Keyne 
is probably due to plication, as the strike of inter bedded shales 
and grits in the lane on the west of St. Keyne Church shows 
a strong southerly deflection in accordance with it. 

At a quarter of a mile south of St- Keyne Church (at Ambrosehill), 
nearly horizontal beds of hard whitish grit, or quartzite, are associated 
with sandstones and argillaceous rocks in a quarry. A little south of the 
above, buff and drab slaty grits and argillaceous slates are shown, dipping 
south-south-east at a low angle. 

A quarry about a quarter of a mile to the north of Bodbrane shows 
greenish and pale buff, rather slaty, grit or arenaceous mudstone banded 
in places, and with occasional slate fragments. These rocks are associated 
with grey argillaceous slates, and the south-by-east dip they give may be 
cleavage, partly coincident with bedding. A quarry in Windsor Wood, 
near the southern boundary of the Staddon grits, shows irregular grey 
slaty beds with hard grit. 

In a field by the plantation (Benoak Plantation on the six- 
inch map) half-way between Ilerodsfoot Church and St. Keyne 
Church, in a stone heap evidently collected from the surface a 
mass of pale grey quartzite was found with traces of fossils 
amongst which a small Tentaculites [(frandis ?) was discernible. 
This suggests the presence in the Staddon grits of beds similar to 
those in the same series near Moreleigb and Storridge Wood 
in the vicinity of the IMver Avon valley in Sheet 349. The 
Staddon grits near this are bounded on the north by pale 
greenish argillaceous slaty or shaly mudstone, similar to rocks 
at Longcombe between Paignton and Totnes in Sheet 'ioO. 

The buff and drab arenaceous association with dull greenish- 
weathered grit or sandstone gives place to argillaceous slates 
at Polvean Cross, where the southern boundary of the Staddon 
grits has been taken. The slates are often sufficiently tough to 
quarry in blocks, utilized locally for walls, &c. There appears 
to be some arenaceous material in them near Duioe Church, 
suggesting a thin outlier of Staddon grits. 

On the east side of the Ilerodsfoot A^alley, greenish-grey 
sandstones exhibit a south-westerly strike parallel to the 
boundary. The sandstones and argillaceous materials are seen 
to be finely lamiuateil in jdaces. In a quarry near the farm 
(Carglonnonj at half a mile south-by-east from Ilerodsfoot 
Church the laminated beds show gnarling. liy following the 
bye-lane from this quarry for about 100 yards we encounter 
greenish slates, mottled purplish, interbeddeil in the sand- 
stones. Purplish slates were also met with at a mile due 
south from Ilerodsfoot Post Office. These occurrences show 
how -little value can be attached to variegation. 

East of the last observation and at three-quarters of a mile 
due west of Polvean Cross, hard blue-grey grits and slates 
dip south at about 15^, with cleavage dip at 00^ in the same 
direction. These beds are of Meadfoot type and may indicate 
a small infold of that series. A south-easterly fault may cross 
the Herodsfoot Valley at half a mile south of the village, for 
the boundary of the Staddon grits, from the Ilerodsfoot Valley 
westward, is anomalous. 
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On the west side of the valley there is a north and south silver- 
lead lode (or lodes) which was formerly worked at Herods- 
foot Mine, about 120 yards from the alluvium of the valley 
and 50 yards or so north of the outcrop of the St addon grits, 
and at South llerodsfoot Mine, a quarter of a mile south of 
Herodsfoot Mine. The tips from both these mines are dark 
grey slates, but the outcrop of the Staddon grits consists of 
buif grits, or sandstones, immediately south of the Herodsfoot 
Mine, and greenish and buif shaly sandstones are exposed at 
about 200 yards further south. 

As far as the few and imperfect indications met with enable 
one to judge, these sandstones are either brought north of the 
Staddon outcrop on th6 east of the valley by a south-easterly 
fault or by a change in strike produced by flexure. A fault is 
the moi^ probable supposition because the sandstones south of 
Herodsfoot Mine appear to strike south-west toward Pendruffle, 
and yet, through a fold bringing in slates with occasional beds 
of compact grit, the Lower Devonian boundary runs irregularly 
westwar<l. If these apparently underlying slates are a lower 
horizon in the Staddon grits, or the upper part ot the Mead- 
foot beds, their position must be due to a thrust fault of con- 
siderable magnitude, and the sandstones outcropping on the 
we#t side of the valley must bo much lower than those out- 
cropping on the east side, otherwise the slates with occasional 
grit beds are a local repetition of Lower and Middle Devonian 
junction beds, in which case the shaft of the South Herods- 
foot Mine would be sunk in Staddon grits and the Herodsfoot 
Mine shaft ought to reach that division at no great depth from 
the surface. The importance of ascei-taining the structure 
here cannot be overrated, for the north-westerly deflect i(m of 
the Staddon grits toward Bodmin takes place at about a mile 
and a. quarter west of the border of the map, in Sheet 347, 
where thev are shifted northward by fault. - 

The distribution of the lead lodes shows an avoidance of 
divisions of an arenaceous character; they are found in the 
Upper Devonian and Middle Devonian slates and in the most 
argillaceous portions of the Meadfoot group, so that their 
occurrence at the outcrop of the Staddon grits in Herodsfoot 
Mine and apparently in that series in South Herodsfoot Mine 
is suggestive of thrust faults on rather a large scale, or of 
thrusts co-operating with ordinary faults sufficient to bring 
slaty rocks into positions in which we should ordinarily expect 
to find more or less arenaceous rocks in depth. 

The " slidy ground ** encountered in the mining operations, and described 
as ** having an imperfect laminated structure," may be evidence of these dis- 
turbances. Mr, Collins* quotes the following description of it: ** The whole 
strata seem to be broken up by a succession of disturbances of a nature 
between cross courses and slides. . . . This broken ground generally 
extends for a considerable width, shattering and, indeed, obliterating the 
lodes. ... Its width in Herodsfoot is about 60 fathoms at surface, and 
30 fathoms at a depth of 150 fathoms (the course is nearly E, to W.) . . . 
the broken ground has been passed through, and what is to all intents and 
purposes a new mine has been opened out south." 



J, H. Collins. Transt B/ty. GeoL Soc, Com,, vol. xii., pp. 695-607. 
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Within half a mile of Herodsfoot Church on the north-east 
a few grit fragments have been noticed amongst the slate 
surface stones ; if not brought with manure they may indicate 
a small anticlinal appearance of the Staddon grits, but the 
evidence is obviously untrustworthy. 

Between Trevelmond and Bosent the rocks seem to have a 
slightly arenaceous or silty character; pale buff slates and 
mudstones are exposed. This type is also present north-north- 
east of Bosent. It suggests anticlines of Lower Devonian, but, 
as this cannot be proved, it is safer to regard the occurrences 
as denoting a slight variation in the Eifelian (or Middle 
Devonian) slates. 

Igneous Bocks in the Lowee Devonian. 

With the exception of the porphyritic felsites of Cawsand 
and Withnoe the igneous rocks in the Lower Devonian area 
in Sheet 'i48 are confined to small patches, mostly intrusive 
pipes, dykes, or sills, and too small to be indicated 
by colour on the map; these can in no case be traced with 
certainty for any considerable distance even where their 
association and appeatance in spite of decomposition render it 
probable that they may be contemporaneous. The following 
occurrences of igneous rocks have been noted in the coast 
section proceeding westward : — 

In Staddon grits— on the eastern margin of the map, in Leek^Bed Bay, 
nearly 400 yards north of Staddon Point, intrusive igneous rock, strata 
much disturbed at contact. 

Mount Eldgcumbe coast near Picklecombe Fort, in Staddon grits and 
shales much faulted and contorted— traces of intrusive igneous rock much 
decomposed. At a quarter of a mile from Picklecombe Point proceeding 
towards Cawsand — a dyke and rock resembling a volcanic breccia or 
agglomerate. At 120 yards further— several dykes in the low cliflf. Between 
80 and 170 yards further on, dykes of peroxidated igneous rock, which 
appears to have been porphyritic diabase, are observable. Between this 
and the Cawsand felsito two more dykes of igneous rock are visible in the 
Staddon grits. 

The Meadfoot beds are cut out by fault at the 
termination of the felsite in the Cawsand Valley. Pro- 
ceeding thence round Rame Ilead, the following occurrence of 
igneous rocks, in some cases doubtful, were noticed in the 
Dartmouth slates : — 

A little sheared diabase about a quarter of a mile north of Penlee Point, 
perhaps an east and west sill. 

North of Rame Head, at jbout 160 yards from Queener Point, two to 
three feet of sheared diabase, and at 60 yards from the point two feet of 
decomposed igneous rock. Above Queener Point a trace of diabase in the 
crags. In the cliffs under the Coastguard Station, at about 400 yards 
northof it, dark green igneous rock, seemingly intrusive, is visible; quartz- 
albite veins occur in the slates to the south. T!)ere may be a trace of 
igneous reck at a fault under Wiggle Cliflf, about SCO yards further north. 
At II miles from the Coastguard Station, a sn all patch of diabase is 
visible under Tre winnow Cliff. A trace of green sheared igneous rock is 
present in the coast road on the west side of the Freathy Valley. Por- 
phyritic diabase, possibly at a synclinal axis, is visible in the cliff 100 
yards beyond Sharrow Point, and a sheared igneous rock, probably in the 
upper part of the Dartmouth slates, is visible at about 250 yards further on. 
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There appears to be a decomposed volcanic rock in beds of 
the Meadfoot group near Freathy on the east. A pale 
weathered diabase and a rock resembling a fine tuff occur in 
dark slates probably in the lower part of this group on the 
south side of the valley, half-way between Millbrook and 
Withnoe. With the exception of the two felsite patches near 
Withnoe, and a sign of igneous rock much decomposed near 
the outcrop of the Staddon grits south-west of Mount Edg- 
cumbe House, igneous rocks have not been recognised in the 
Lower Devonian area inland, east of Freathy. Hocks of the 
Mea<lfoot group occupy the coast of Tregantle; the signs of 
igneous material in them are too decomposed for determination. 
Small patches of sheared igneous rock occur at the fault at the 
head of the little valley south of the church at St. John's, 
and at half a mile west of St. John's. A larger mass is exposed 
in Ladywell Quarry near Sheviock, and bands or sills are 
visible further east, on the north shore of the estuary, in grey 
slates, probably in the upper part of the Meddfoot group; 
another mass occurs in the same or similar rocks in a valley 
three-eighths of a mile south-west of Antony. There is a 
small patch of igneous rock in Antony churchyard, but 
whether it occurs in Lower Devonian or Eifelian slates is 
doubtful. Another mass of basic igneous rock, probably a 
sill, occurs in the grey slates north of Tredrossel, west of 
Sheviock. Dykes of igneous rock were seen in a quarry 
about 600 yards north-west of Crafthole. There are signs of 
intrusive dykes in the Staddon grits at the Bend in the Lynher 
estuary south of Earth Hill. 
To return to the coast, proceeding westward — 

At a mile and a half from Sbarrow Point igneous rock occurs at a fault 
taken as junction between Meadfoot group and Dartmouth slates. At 700 
yards from this, near Hilstor rock, an igneous mass ai the base of the cliff 
terminates irregularly upward, cutting off the cleavage planes of slates 
with harder siliceous interlamination ; whether the irregular junction is 
due to intrusion or plication is not certain. There is a trace of igneous 
rock on Finny gook Beach, eas* of Port wrinkle. 

At The Long Stone, west of Portwrinkle, two masses of diabase form the 
horns of the promontory, on the east side of which igneous rock (a sill or 
contemporaneous band), touches the cliff in two p!aces, and appears to run 
along the foreshore toward the point. 



The rocks of The Long Stone were described by AVorth,^ who 
quotes Prof. Bonney's remarks on specimens submitted to him. 
One of these appears to have been *'a compact basic lava," 
the other " a holocrystalline rather felspathic dolerite with 
ophitic structure." 

From hero to Seaton Beach no certain traces of igneous rocks were 
observed in the Dartmouth slate<«. There is a patch of rock, se^minsjly 
tuff, in an inverted ayncline near the limekiln at Seaton Beach. la the 
Dartmouth slates which form the cliffs for more than a mile und a half 
west from Seaton Beach, small patches of diabase are observable in seven 
places, at about a quarter of a mile, a half mile, three-quarters of a mile, 
and a little over a mile from Seaton Beach. The mass nearest to Seaton 
Beach appears to have its upward extension in the cliff cut off by an over- 
thpust. Diabase occurs in h3 dark slates with flsh remains, at about 600 

^ Tram, Rnu, Oeol, Soc, Corn,yyo\. xi., p. 50. 
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yards from Milleodreath Beach, and in the fossiliferons beds aboat 180 
yards from the Beach. 

Between Millendreath and East Looe bands of decomposed rock, appar- 
ently volcanic, are encountered in, or above the cliffs here and there, and 
in one place the igneous rock may be intrusive. 

Between Looe and Portnadler Bay two small patches (one of porphyritic 
diabase) are visible on the shore, and a decomposed patch above, in the 
vicinity of the stream valley. Between this and the Portoadler fault, 
decomposed igneous rock occurs in two places. On Looe Island there are 
four small patches of hard diabase in the Dartmouth slates. 

Igneous rock is noticeable by the road from Talland Bay to the church, 
and the same band displaced by fault, or other bands, are exposed in the 
low cliff or beach reefs of the inner shores of the Bay. A trace of igneous 
rock was also noticed at about half a mile east of Polperro Harbour. 

The shores of the East and West Looe creeks afford many 
examples of igneous rocks in the rocks of the Meadf oot group ; 
these are more frequent in the grey slates with calcareous 
bands than in the grit developments. These rocks occur 
pretty much in the same way as Ihey do in the Torcross and 
lUngmorc types in the Kingshridge and Salcomhe area.- 
Besides patches of diabase, there are bands of contemporaneous 
volcanic rock which can never be, collectively or individually, 
traced on their strike for any distance, as a rule not beyond 
their actual exposure. • The Ihin sheeis or seams of tuff or 
lava have In^en sheared out along thrusts and contortions, and 
so displaced that continuity can scarcely be expected. To 
particularise every instance where igneous rocks have been 
observed, as in the coast section, is unnecessary, as they are in 
so many cases through decomposition rendered petrologically 
valueless. 

West Looe River, a mile and a half up stream from its confluence with 
East Looe River, igneous rocks in nine places on left, and in three places on 
right, bank. In a mile above this igneous roeks were noticed in five places 
on the west bank, one band being traceable for about a quarter of a mile 
in a south-westerly direction. On the opposite slope in two places (south 
of Polpever, and south of Hillhead). Above this, opposite St. Ann's 
Well (St. Nun's on 6-inch map), sheared diabase is visible in two places. 
In the grey slates (upper part of Meadfoot group) and Staddon grits from 
this northward no igneous rocks were notiaed. There is a tuflf (apparently) 
in the slates just near Looe Station, and further north, west of St. Martin, 
near the flsh pond. At half a mile further north, igneous rock is seen in 
a quarry of slate with limestone ; this rock, crossing the East Looe in a 
south-westerly direction, is seen in a quarry on the west bank, and it may 
be continuous to the north-east, with an igneous rock exposed south of 
Morval Farm. At the lodge of Trenant Park, near this on the south, a 
little sheared diabase was seen with calcareous beds. Sheared diabase 
occurs in Westnarth Wood, opposite Plashford, and in the slates and cal- 
careous beds near Plashford on the north and east. 

There are traces of sheared igneous rock near Wringworthy, east of 
Plashford, by the high road to Bin Down, at a mile from St. Martins, and 
near Shorta Cross; and in the Dartmouth slates on the east of theSeaton 
Valley, between Bake Wood and Bonialva, east of Deviock, and near 
Narkurs, which may be contemporaneous bands. 

As the igneous rocks in the above notes are for the most 

part too thin and insignificant to be shown on the one- inch 

scale without gross and unwarrantable exaggeration, their 

occurrence has been mentioned in more detail than their 

importance might seem to justify. An interesting intrusive 

I Trans, Roy, Ocol, Soc, Com,, ro}, xi., p. 50. 
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ieneous rock is quarried for road metal on Bin Down. Dr. 
Teall described it in 1901— slides 3254, 3255— as "grey or 
bluish-grey highly quartzose rocks traversed by veins of 
quartz and pyrite. Under the microscope, they are seen to be 
highly silicified vesicular igneous rocks. Quartz has been 
deposited not only in the veins, but also in the vesicles. The 
greater part of the rock is composed of quartz, but a certain 
amount of altered igneous material occurs as a matrix between 
the amygdaloids. This consists of a few rare phenocrysts of 
felspar in a groiindmass of felspar microlites and ill-defined 
interstitial matter. The nature of the original rock cannot be 
determined with certainty from these specimens. It appears 
to have been either an andesite or trachyte — most probably 
the latter.'' At first sight this rock might be mistaken for a 
pebbly grit. Its westerly prolongation is based on occasional 
surface stones, and is therefore very doubtfiil. 

The following note is by Dr. Flett : Excepting the above, of 
the igneous rocks mentioned in this chapter only two are repre- 
sented by slides in the Survey collection (43*35, Trewinnow, 
and 4336, Looe Island). They are both much sheared and 
badly decomposed basic rocks, full of chlorite and pyrites, 
but still containing a little fresh felspar, undecomposgd pale 
brown augite, and, in the Looe Island rock, a little dark 
brown primary hornblende. Remains of ophitic structure are 
visible in both, a fact which makes it probable that they arc 
intrusive. 
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CHAPTER III. 
MIDDLE DEVONIAN. 

The Middle Devonian rocks on entering Cornwall are largely- 
cut out by faults, especially in the vicinity of Millbrook. 
Moreover, the abrupt termination of the limestone near 
Cremyll deprives us of the only definite lithological boundary 
between Upper and Middle Devonian slates in an area whei^ 
the outcrops are shifted by great faults and the rocks are 
repeated by innumerable folds. This involves some re- 
iteration of descriptions in this and the succeeding chapter. 

The Cawsand and Portwrinkle faults divide the recog- 
nisable Middle Devonian rocks into three districts: — 
1. The Plymouth district — from the Cawsand fault at Antony 
eastward. 2. The St. Germans district — between the Cawsand 
and Portwrinkle faults. 3. The Liskeard district. In the 
St. Germans district the mass of schalstein has been taken 
provisionally as the north border of the Middle Devonian, but 
the dark slates north of the Polbathick Valley present no 
specially distinctive characters and have yielded no fossils by 
which their age could be determined. In the Liskeard district 
dark slates north of Dobwalls, which might belong to the 
Upper Devonian, are included in the Middle, and it is most 
uncertain as to whether the rocks between Merrymeet and 
Quethiock may not partly belong to the Middle Devonian. 
This uncertainty is due to dark slates taking the place of the 
limestone, being only distinguishable from dark slates locally 
representing the lower beds of the Upper Devonian by fossil 
evidence. The presence of variegated slates in the Middle 
Devonian south of Barn Pool on the Mount Edgcumbe coast, 
near Impacombe, and probably also east of Mutton Cove, does 
not tend to lessen this uncertainty. 

That the Plymouth limestone is in part at least equivalent 
to the upper parts of the limestone masses of the Torquay aJ'ea 
is evident from the brachiopods contained in it, which are with 
very few exceptions common at Lummaton and Wolborough. 
Moreover, according to Davidson, Rhynchondla cuhoides (Sow.), 
is common in it. Its base, however, is by no means clearly 
defined owing to vulcanicity. 

Plymouth D ist ritt . 

The limestone forms a plateau, as pointed out by Worth,^ 
of much lower elevation than the slate hills, " averaging about 
a hundred feet." " It varies much in colour, structure, and 
dip. Its most constant features are its crystalline character, 
and the regularity of its divisional planes.'* " Bedding is fre- 
quently indistinct, and in some central parts of the mass 

' R. N. Worth, 'The Geology of Plymouth.* Janm, PlymoHth Instit, 1876. 
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apparently non-existent. It abounds in fossils — cRiefly coral- 
line in its more massive portions ; whilst some of the exterior 
beds have yielded large quantities of bivalves and univalves ; 
and others, with the adjoining slates, are remarkably fruitful 
in crinoidal remains. In texture it is generally highly cry- 
stalline, and in colour very various, ranging from black through 
red, yellow, brown, dove and gray to white." " At Catte- 
down [Catdown on the present map] there is a shallow syn- 
clinal and some undulation, but the prevailing dip is toward 
the south." 

Worth also notes the dolomitic character of parts of the 
Plymouth limestone and the occurrence of " sandy as well as 
slaty limestone. Treating a reddish-coloured arenaceous lime- 
stone from the Hoe with dilute hydrochloric acid," he "found 
that 25 per cent, of its bulk consisted of a bright-red siliceous 
sand, exceedingly fine. The stone was of the kind known to 
the quarry men as * hard head,' which occurs more or lees 
intermixed with the limestone proper throughout its range." 
In another place he draws attention to material from the New 
Red filling joints in the limestone. Good examples of red 
sandstone filling joint cracks and fissures are to be seen in the 
shore reefs of the Barn Pool limestone near Cremyll. 

Worth ^ gives the following list of corals from the Plymouth 
limestone, with localities : — 

Amorphozoa, 

Stromatopora concentrica Cattedown. 

Str. placenta Cattedown. 

Qf* w^i^«,..^..i,« / St George's Hall Millbay, 

8tr. polymorpha | Teat's Hill. 

Str. ramosa Cattedown. 

Cwlenterata, 

Acemilaria goldfnssi Cattedown. 

A. intercellosa ... Cattedown. 

A. pentagona Cattedown. 

r Mount Wise, Devil's Point, 
Alveolites vermicularis < Millbay, St. George's 

(. Hail, Cattedown. 

Amplexus tortuosus Mount Wise (?) 

Cyathophyllum heliantboides ... Mount Wise, Devil's Point. 

Cystiphyllum damnoniense^ Mount Wise, Cattedown. 

Cystiphyllum vesiculosum Mount Wise, Cattedown, 

Favosites goldfussi Devil's Point. 

F. cervicopnis Cattedown. 

F. fibrosa Cattedown. 

Heliolites porosa Cattedown. 

Pleupodictyum problematicum ... Cattedown. 

Petraia celtica Cattedown, Mount Batten. 

Smithia hennahii Cattedown. 

Scypbia turbinata and Spongophyllum sedgwickii are given without 
localities. 

> * The PaUeontology of Plymouth.' Joum. Plym4futh Imtit,, 1878. 
' Cystiphyllum do/mnoniense Lousd. is the original name afterwards changed 
to Cyathophyllum dammmiente, 

e2 
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Davidson says^: "Several localities in the neighbourhood 
of Plymouth have afforded Brachiopoda, but Mount Wise 
appears to be one of the more important spots. I am informed 
by Mr. Champernowne that shales with bands of nodular lime- 
itone with Orthis arcuata and Atrypa reticularis, resting con- 
formably on the Upper and Dolomitic beds of Limestone, occur 
at Mutton Cove, near Mount Wise. A little way down in the 
limestone is a group of Brachiopods agreeing closely with that 
of Lummaton, Woolborough and the Upper Dartington beds, 
of a very limited thickness, among which Khynchonella 
triloba, Rh, cuboides and Merista plebeia are conspicuous/' 

A tabular scheme of Champernowne's for a correlation of 
the limestones is given by Davidson, in which the shales, &c., 
with Orthis arcuata are correlated with the Hopes Nose beds. 
The locality mentioned as " Mutton Cove " is at the entrance 
to Coles' timber-yard, and will be referred to later on. 

The locality ** Dock Yard " in Davidson's descriptions is 
synonymous with Devonport, which was so-called until 1884.* 
St. George's Hall and Stonehouse are synonymous. As regards 
trilobites, Worth mentions the occurrence of fragments at 
Mount Wise and among rubbish from the site of the Ply- 
mouth Guildhall. 

He gives one cephalopod, Orthoceras einetumy or undu- 
latum (?), from Mount WLse and St. George's Hall. Worth's 
list of gasteropods includes: — 

Acrooalia vetusta (?) Mount Wise. 

Euomphaliis radiatus St. George's Hall. 

Macrocheilus imbricatus ... St. George's Hall. 

Murchisonia spinosa St. George's Hall. 

Turbo clrriformls Stonehouse according to Whidborne. 

Bellerophon striatus Mount Wise. 

Loxonema (Holopella) henruihiana, L. 'prateritu and MacrO' 
cheilus luirpula are given without localities. In this and other 
cases where Plymouth is given as the locality without nearer 
specification the species have no absolute stratigraphical value 
and may have been obtained from localities in the adjacent 
map. Cattedown is partly in Sheet 348 partly in Sheet 349. 

AVorth gives only three lamellibranchs : Conocardium 
aliforvie (?) from Mount AVise, Fterinea texturata from Mill- 
bay, and CorbiJa hennahii — locality not specified. 

The following list of the brachiopods is from Davidson's 
Monograph and Supplement, with localities supplemented by 
Worth, &c. : — 

Terebratula sacculus (Martin), var. hastata Sow,, at Mount Wise accord- 
ing to Worth. 

Terebratula juvenis (Sow.), Mount Wise according to Worth. 

Stringocepbalus burtini De^r,, Mount Wise and St. George's Hall 
(Worth). 

Merista plebeia (Sow.), Mutton Cove fWorth), Mount Wise, Stonehouse. 

Retzia longirostris Kayser (not R. ferita von Biwh.), Dock Yard, 

Spirifer nudus (Sow.), Dock Yard. 



* Pal. Soc, vol. xvii., p. 124. 
'^ Jbid, vol xxxvi. , p. 30. 
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Cyrtina heterocljta {Defr.), Mount Wise (Worth). 

Atrypa reticalaris {Linn.)^ Mutton Cove, Mount Wise, Millbaj (Worth). 

A. aspera {Schloth,), Dock Yard (Worth). 

A. desquamata {Sow,)^ Mount Wise (Worth). 

Rhynchonella triloba {Sow,), Mutton Cove (Worth). 

Rh. pugnus var. anisodonta {Phil,), Mount Wi^e. 

Rh. cuboldes {Sow,), Mutton Cove, Mount Wise, St. George's Hall 
(Worth). 
. Rhynchonella primipilaris {Von Buck.), Dock Yard, Mount Wise (Worth). 

Rh. implexa {Sow,), Dock Yard, Mount Wise. 

Rh. (Camarophoria) protraota {Sow,), north side of Stonehouse limestone 
hill (Davidson), St. George's Hall (Worth). 

Pentamerus brevirostris {Phil,), St. George's Hall (Worth). 

Strophomena rhomboidalis {Wilck,), var. analog a (PhU,), east of Mutton 
Cove ^Ussher) 

Orthis striatula {SMoth.), St. George's Hall (Worth). 

O. arcuata Phil,, east of Mutton Cove (Ussher). 

Without nearer specification than Plymouth the following 
are given: — Rhynchonella crennlata, the original example, 
Rhynchonella acummata (ovaiiied by Worth), Leptoena (Stropho- 
mena) inter strialis, Productus subaculeatus {P, fraffraria Sow.), 
Productella fra^rina (Whidb.). Worth also gives Rhyn* 
chonell^a renifoi^s and Streptorhynckus crenistria without 
localities. All the above brachiopods occur in the Lummaton 
or Wolborough fauna, except Orthis arcuata and Strepto- 
rhynchus crenistria. 

On the north of the limestone from Mutton Cove to Stone- 
house Bridge a belt of volcanic rock is indicated on the map. 
It is merely a zone within which volcanic rocks are known to 
occur in tke slates. The tower in front of the Devonport 
Guildhall stands on a rock composed of ted and greenish 
slates, apparently faulted against grey brown-weathered 
slates overlain on the south by grey brown-weathered igneous 
rock. 

In drainage operations at Raglan Barracks, in May, 1898, 
in the main drain crossing the high road at about 60 yards 
from the garrison chapel, slates were exposed on either side 
of the road; but, in the continuation of the drain by the 
women's hospital, green-grey bu£f-weathered igneous rock 
with small calc-filied vesicles was disclosed; it continues 
eastward on the summit near the high road. On the opposite 
side of the road the limestone forms a cli£f which can be 
followed round to the large quarries on the west of Stonehouse 
Pool. The synclinal structure of the limestone is very dis- 
tinctly shown at the end of the cliff nearest to Stonehouse 
Bridge (see Fig. 6). A path about 180 yards to the west, 
called the New Cut, follows a trench cut through the lime- 
stone to the large quarries. Here, also, the synclinal structure 
is unmistakably shown. At its northern edge the limestone is 
more or less slaty and broken, but at 20 or 30 yards to the 
south the rock presents a massive bedded aspect with cleavage 
tendency. It is a pale grey coral mass with large stromato- 
poroids amongst a matted mesh of finer coralline materials, 
showing more or less distinct even bedding in places. Amongst 
the corals Cyathophyllum ccespiiosum, Favosites cervicornis 
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and large zaphrentids are noticeable. The axis of the syncline 
is shown in a saucer-shaped mass on top about 18 yards in 
length. To the south of this, near where the path enters the 
upper part of the Quarry face, red and buff limestone occurs 
irregularly in the grey, without regard to bedding. As the 

Fig. 6. — Near Stonehouse Bridge. Termination of the Limestone. 




quarry is followed southward the bedding is either more or 
less horizontal, or along the strike of a westerly dip for about 
50 yards or so up to a fissure; beyond this a more or less 
pronoTinced southerly cleavage dip of about 55^ gives the 
rock a shattered appearance indicating changes in dip. (See 
Fig. 7.) 

At the southern end of the quarry, at the entrance of Coles' 
timber-yard, the limestone dips south at from 40^ to 45^ under 
yellow-weathered greenish schalstein tuffs; these are about 
20 feet in thickness, and with a dip of 45^ pass under irregular 
shaly limestone resembling the Hope's Nose limestone and 
full of fossils, brachiopods, bryozoa, crinoids, &c. These 
beds are a mixture of shale with lenticular limestone and 
occasional thin-bedded limestones; they may be about 40 
feet thick and are succeeded by dark grey shales or slates. 

Near an inn south of the above there is a sign of outcrop- 
ping igneous rock and of red and grey broken shaly limestone, 
Dut no means of tracing either. On rounding the promontory 
we meet with grey slates, with lenticles and bands of limestone 
in places, at the Victoria Cottages. Immediately west of this 
the bathing-place has recently been made to which access is 
obtained by steps in two places from the road above. On 
descending the first steps we encounter the irregular shaly 
limestones of the Hope's Nose type, associated with slate, and 
dipping south to south-east at 45^. There may be 30 to 40 
feet of these calcareous beds in which Strophomena rhom- 
baidalis was found. A bed of tuff or schalstein about five 
feet thick is then encountered dipping at 45^ in the same 
southerly direction, and intersected by a thrust which does 
not seem to displace the rocks much. Near this the grey 
slates with nodular limestone are intersected by two small 
thrusts, and seem to pass, through buff and grey tints for 
five feet, into variegated yellow, green, and purple-red slates, 
containing irregular nodular limestone for five feet, then 
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for fifteen or twenty feet without calcareous materials. 

These variegated slates resemble Upper Devonian rocks 
near the limestone border in Sal tram Park^ and bordering the 
Ilsham^ limestone; they exhibit a cleavage dip of about 60^ 
to south or south-east, and rest on an irregular surface of 
more or less massive red and grey limestone, which seems to 
be in part dolomitic. The junction plane dips south or south- 
east at about 30^. The distribution of the variegation is 
irrespective of cleavage and affords no indication of beddine 
which seems to cross the cleavage in thin yellowish coloured 
seams. From here to Mutton Cove nothing but the massive 
limestone was visible. 

The conclusion one would naturally come to is to regard 
the variegated slates as directly above the massive limestone 
as at Ilsham, and cut off on the east by a thrust fault bringing 
on volcanic rock in Eifelian slates and limestones, but I can- 
not prove that the thrusts have more than a small and 
immediately local effect. It is, however, possible that an 
indication of thrust with a southerly dip of 40^ (on the east 
of, and near, the volcanic band) may bound the shaly fossili- 
ferous limestones on the north, all along their line. Otherwise 
the variegated slates of this section would occur between the 
massive and the shaly limestones. 

All the apparently obvious evidence goes to favour Cham- 
pemowne's opinion that these shaly beds with Orihis arcuata 
are above the massive limestones. On the other hand, the 
irregular resistance to compression which the solid reef lime- 
stone, occurring amongst much less coherent materials, could 
not fail to produce must necessarily have occasioned fractures 
and displacements tending completely to obscure the true 
succession ; this, I think, can be proved by the structure of the 
limestone on the eastern margin of the map, faking in Cat- 
down which is within the border of the adjacent map (Sheet 
349). 

The projection at the mouth of Sutton Pool terminating at 
the east pier forms a ridge of pale grey coralline limestone 
dipping south at 75^. Following this ridge for 80 yards east- 
ward we come to a large quarry, which affords sections of the 
strata from the crest of the ridge to the margin of Sutton 
Harbour. 

The west side shows more or less massive grey limestone 
with calc-spar veins overlying, with a southerly dip of 75^, 
irregular shaly and more or less nodular coralline limestone 
associated with dark shale. The nodular character and irregu- 
lar association with shale in the thin limestones is due to 
segregation round corals of various sizes, individual or matted ; 
in the latter case giving rise to more continuous beds. A large 
Cyathophyllum (PC damnoniense Lonsd.) was noticed. On 
the opposite, or east, side of the quarry the section is about 20 
yards longer, and an irregular contortion is noticeable in the 
massive beds, near the surface, at their junction with the 

1 In Sheet 349, east of Plymouth. 

' In Sheet 850, in the Torqnay promontory. 
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shaly beds. In the latter a large compound coral resembling 
Smithia hennuhi (Lonsd.) was noticed in lenticular limestone 
imbedded in dark shale partings; further on, through abund- 
ance of Strofiuitoporay the limestone has a pale grey tint and 
is more continuous; it would, in fact, if horizontal, have 
presented a massive appearance. 

These thin limestones resemble the basement limestones of 
Tuckenhay Creek and elsewhere, as well as those of Hope's 
Nose. I think they belong to the lower part of the Limestone 
Series. The associated shales appear to be indurated in one 
place where yellow friable bands occur which might possibly 
be of volcanic origin. 

The relations of the limestone to the slates on the north are 
not visible. At about 80 yards north of the boundary 
variegated slates are exposed, and the same series extends 
northward to Friary Station. On retracing our steps to the 
ridge and following the coa~st southward we find that the high 
southerly dip of the massive grey limestones gives place to a 
series of undulations in the bight immediately south of the 
promontory ridge (named Teat's Hill) which are tantamount 
to 'a low southerly dip, maintained for about 200 yards, when 
the limestone becomes slaty, the cleavage dipping south at 45^, 
and bedding in the same direction at about 20^. This dip 
gradually gives place to horizontal bedding in Deadman's 
Quarry, where the massive beds exhibit a gentle syncline rising 
to tlie south. Toward the south end of the promontory the 
dip is to the south, probably at about 30^ or 40*. (See Fig. 8.) 

On crossing the Catwater to Turnchapel we encounter the 
most southierly parts of the reef, which consist at Mount 
Batten of bedded grey coralline limestones dipping south at 
angles of 60^ to 80^ or vertical, bounded by volcanic tuffs, 
under or over them (through dovetailing). 

Most part of Drake's Island consists of these volcanic rocks. 
Their junction with the limestone is repeated by plication at 
the north end of Drake's Island, and on the south of Mount 
Batten Coastguard station. 

With the volcanic rocks slates are associated, and slates 
with limestones and occasional volcanic rocks continue the 
section south of Mount Batten to Dunstone Point (in Sheet 
'H9), which consists of irregular slaty limestone beds, probably 
represented by limestones shown on the map in Mount Edg- 
cumbe Park (south of Barn Pool). At Cremyll pale grey lime- 
stones seem to dip east, off igneous rock (probably an intrusive 
boss). The Cremyll limestone is separated by flat ground, 
affording no evidence of the nature of the subjacent rock, 
into two patches, which may or may not be connected. The 
easternmost patch which may be called the Bam Pool lime- 
stone is well shown in beach reefs of pale grey and reddish 
compact and coralline limestone with Stromatapora and 
Stroinatactis, recalling the Petitor limestones and identical in 
character with limestones in Devil's Point, Stonehouse Hill, 
and the Hoe. 

Messrs. Hill and Co. encountered igneous rock in blasting 
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operations to deepen the channel between Devil's Point and 
Barn Pool, but the Barn Pool limestones do not appear to be 
in contact with igneous rock. On the contrary, on proceeding 
southward we encounter purple and green slates, apparently 
in grey slates with hard limestone nodules, or nodular lenti- 
cles, and these give place to slates with pale patches or lenti- 
cles of limestone in aspect like a coarse breccia, and strongly 
suggestive of the replacement of limestone by slate. Further 
on igneous rock, apparently contemporaneous, seems to overlie 
these beds, and passing under grey slates on the south may 
be cut off by an east and west fault at 40 or 50 yards from a 
mass of calcareous rocks consisting of slates with lenticles 
of limestone and interlaminated shale and limestone. Further 
on more volcanic rock is met with, then slates with brown 
bands, and occasionally bands and lenticles of limestone, 
making confused, contorted, and partly faulted junctions with 
the Lower Devonian near Hedding Point. 

The Invpa combe coast, from the igneous mass near Cremyll, consists 
chiefly of grey slates or slaty shales with nodules, lenticles, and im per- 
sistent beds of limestone in places, often decomposed. Thin volcanic 
bands are locally visible. About 20 feet of bluish bedded limestone comes 
on at 300 yards beyond Impacombe ; following this band east from the 
coast we come bo a quarry on the summit where the limestone may be 30 or 
40 feet thick. It is rather difficult to account for this mass, which does not 
resemble the Cremyll limestones^ unless we ascribe its apparently sudden 
development to a fault cutting off its further extension. Immediately 
south of this limestone development on the coast we encounter red and 
green slates, giving place southward to red and grey partly calcareous 
slates with friable residues ; there is rock here, possibly volcanic, and a 
fault bringing on grey slates of the Berry Park type with fossiliferous 
lenticles. Further on the bedding is well indicated by btiff and yellow- 
weathered shales, with a local tendency to slaty cleavage where undulating. 
Tha<(e beds may have been a partly calcnreous interlaminated group. 

At Lower Anderton a decomposed yellow-brown mass of volcanic rock in 
them is cut off by fault, and further west their junction with the Lower 
Devonian is obscured by Head. 

The relations of the limestones to the slates on the north are 
not shown either at Mount Wise or Catdown. 

In parts of its course the north boundary of the Mount AVise 
limestone is marked by a nearly vertical clift*. It is difficult 
to explain this abrupt termination otherwise than to regard 
it as more or less coincident with the natural margin of the 
reef, a surmise which renders a strike fault with a downthrow 
to the north very probable. In the accompanying diagram- 
matic section, Fig. 7, taken along the face of the laree quarry 
and through Coles' timber-yard, a sharp syncline is shown at c 
where the limestone is shattered and roughly cleaved. A 
fissure was noticed at /. Through this inversion the tuffs (r), 
shaly limestone (/), and slate (s) are brought up and repeated 
by folds on the south. 

The highly inclined limestone beds on the north margin of 
the Catdown mass appear to be in their true position, below 
the massive limestones on the south. The latter are kept at 
the surface by a series of small curves giving place (at a point 
where the rock exhibits a tendency to cleavage (c)) to gentle 
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undulations, as shown in the diagram, Fig. 8. The sharp 
syncline and high dip shown near the southern end of the 
diafi;ram is purely conjectural. There is, however, positive 
evidence of the termination of the limestone in sharp plica- 
tions on the Mount Batten shore, where the lower part of the 
reef rests on, or dovetails into, volcanic rocks and slates and 
limestones, these materials having partly replaced the lower 
beds of the reef. 

It will be seen that in both the Mount Wise and Catdown 
sections the central part of the teef proved sufficiently rigid to 
retain approximately its original horizontal bedding or lines 
of growth, whilst the extremities were sharply folded and 
dislocated. 

The northern boundary of the Stonehouse limestone is not 
exposed. Slates were seen in drains and foundations at about 
170 yards west, and a quarter of a mile east, of the Octagon. 

On the west side of Martin Street, at about 100 yards from 
the Octagon, a sinking was made through eight feet of allu- 
vial deposits, in red slates penetrated to a depth of 20 feet. 

On the opposite side of the street, at about 30 yards south- 
east from the above, a boring was put down in 1896 at Mr. 
J. Godfrey's Octagon Brewery by Messrs. Isler and Co. to a 
depth of 469 feet 7 inches. 

The general downward succession is as follows: — 

Ft. in. 

olaL6 ... ••• ... ... ... ... xO V 

Limestone, red, blae, and grey 142 

Red marl ... ... ... ... ... ... 25 

Grey and red limestone 286 7 

The red marl which seems to divide the limestone into two 
groups suggests red slates or volcanic rocks. 

Although an abu::dant supply of water was obtained it proved to be salt, 
and could only be used for cooling purposes, being unfit for brewing. 

Between Martin Street and Millbay Station a boring was 
made for the Victoria Spa in Bath Street. Worth ^ gives the 

details as follows: — 

Feet. 

Earthy clay slate 20 

Limestone 150 

Blue slate ... ... ... ... ... ... 20 

Red sandstone .. . ... ... ... ... ... 3 

Limestone ••• ... ... ... ... .*. 50 

Sandstone ... ... ... ... ... ... ^ 

Red and blue slate 30 

Dunstone ... ... ,.. ... ... ... 8 

Earthy clay slate ... 20 

Red sandstone... ... ... ... ... ... 12 

" The slate appeared to come in in wedges. Allowing for dip, the actual 
thickness of the beds traversed would certainly not exceed two- thirds of 
these amounts.*' 

East of Millbay Station, in Athenaeum Street, greenish 
slates, under made-soil with human bones three to eight feet 

^ Tram, Pljf mouth Itutitf vol v., p. 460. 



60 , DEVONIAN. 

deep, were exposed in drainage operations for 70 yards south 
from Millbay Eroad; then mable dolomitic limestone, red 
limestone, and slate for about ^0 yards; then greenish slates 
for about 20 yards ; beyond this, limestone, which is probably 
faulted. In foundations for the continuation of tlie Crescent 
to Athenaeum Street dolomitic limestones appeared to be 
faulted against dark blue-grey limestone associated with shale 
and shaly limestone. 

From Athenaeum Street the limestone boundary runs to the 
south side of Princes Square, limestone partly shaly having 
been proved in Windsor Lane leading to ike Hoe, and further 
east in Zion Street, where it is dolomitic. At the end of Zion 
Street, between Princess Place and Notte Street, 25 feet of 
slate was exposed in a drainage shaft. From Zion Street the 
limestone boundary runs to the Barbican, and on the other 
side of tbe entrance to Sutton Pool is continued eastward by 
the shaly coralline limestone already mentioned. 

The engineer to the Plymouth. Sewage Works, Mr. Victor 
Prigg, kindly conducted me through the main tunnels under 
Bedford Street and George Street from the foot of the shaft 
at the junction of tkese streets in front of the Prudential 
Buildings. The shaft is in dark slates traversed by hard pale 
grejr irregularly jointed igneous rock with small calc-filled 
vesicles, similar to the rock in the Raglan Barracks 
drain. The bottom of the shaft is in slate. The igneous 
rock comes on at the entrance to the George Street tunnel 
and continues for 29 feet, giving place to dark grey 
slates which extend for 39 feet. Limestone is then encoun- 
tered for 242 feet. The rock varies in character; it is for 
the most part a hard irregular dark grey limestone with water- 
worn cavities and fissures, both vertical and horizontal, here 
and there. In one of these fissures, at 93 feet from the com- 
mencement of the limestone, red plastic clay is met with. At 
82 feet further on the rock alters to softer material of a pale 
CTey colour with fragments of calcite, apparently a rather 
dolomitic crinoidal limestone. This broken rock continues 
for 46 feet, and is succeeded by alternating masses of dark grey 
limestone and dark grey slates, probably duplicated by folds, 
for 22 feet. We then encountered dark slates for 174 feet, 
in which, at 38 and 53 feet from their commencement, irre- 

fular beds or len tides of dark grey limostone were observed, 
he dark slates are succeeded by red and greenish variegated 
slates, of a softer and smoother texture, which continue to 
the foot of the Clock Tower shaft in front of the Royal 
Theatre. The measurements were taken at the time. 

The 13edford Street tunnel, which being at nearly right 
angles to George Street coincides more or less with the general 
strike, commences in dark grey slates with calcite veins, 
similar in character to those in the George Street tunnel, and 
giving place to red and green variegated slates with glossy 
surfaces similar to those near the Clock Tower shaft. Their 
junction crosses the tunnel obliquely at about 200 feet from 
the Prudential Buildings shaft. It may be a fault. 
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Messrs. Le Grand and Sutdiff put down a bore in 1890 for 
Messrs. Polkinghome at their brewery (Bedford Street). Mr. 
W. H. Dalton furnished us with the following details — below 
the surface described as drift for 26 feet, and said by the 

foreman to consist of vellow clav with stones for 20 feet: — 

I. » 

Feet. 
Marble aod limestone 130 

%jt 2% l.\^ ••• •■• ••• ••• ••• ••• ••• f J* / 

Limestone ... ... ... ... ... ... 4 

1^1 <l ( %^ ••• ••• ••• ••• ■•• ••« ••• Xm 

Liniest<»ne ... ... ... ... ... ... 16 

From the dip, as ascertained by the cores, plotted to scale, 
Mr. Dal ton's section gives the thickness of the several items 
as follows: — 

Feet. 
Marble and limestone (50 

Olnut? ... ... ... ... ... ... ... & & 

JLjimestone ... ... ... ... •,« ... ^ 

oiaie *«• ... ... ... ... ... ... o 

Limestone ... ... ... ... ... ... 7 

There is no evidence of the limestone encountered in this 
well and in the George Street tunnel at the surface, nor is there 
any feature by which to draw a line for it. Notwithstanding, 
whether a faulted outcrop or anticline, it does not extend far 
on the strike. Slates were seen in Westwell Street, slate and 
volcanic rock at the back of Matthew's Restaurant, slate and a 
trace of limestone at St. Andrew's Church, and a sewer shaft 
in AVimpole Street in front of the Free Library was put down 
to a depth of 55 feet in dark, nearly black, slates. On the 
west a well was sunk in slates in Frankfort Street, water 
being obtained at 30 feet. 

On the Impacombe and Mount Edgcumbe coast there is 
reason to think that slates with limestone lenticles mark the 
dying out of the limestone'; but if the upper beds are replaced 
by slates there is no means of distinguishing them. More- 
over the Torpoint rocks are unhesitatingly included in the 
Upper Devonian, and these prolonged eastward to the Devon 
shore on their general strike would include the slates on the 
north of the limestones. Of course the higher beds of the 
limestone may have passed out into dark or even variegated 
slates, of fossiliferous character, but there is no proof of this. 
Characteristic Upper Devonian cyprids have been found 
near Torpoint and in Antony Park, although no fossils have 
been found in the variegated slates of Stoke and Mutley on 
their presumable easterly continuation. The conditions which 
prevailed during the formation of the Plymouth limestones 
seem to have been analogous to those which attended the 
formation of the Dartington limestone in some respects, and 
to those which prevailed in the Crabs Park district (near 
Paignton) in others.^ 

» Torquay Memoir (si e3t 350) 1W3, pp. 73, 87, &c. 
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In continuing the section left o£E at Lower Anderton, on tlie 
Impacombe coast we find volcanic rocks at Southdown and 
a development of variegated buff purple and greenish schal- 
stein in faulted juxtaposition to Lower Devonian rocks on the 
south-west of Southdown, and similar schalstein faulted 
against slates on the south in the Inswork Brick Pits. These 
igneous rocks may be on the horizon of the igneous rocks of 
Mount Batten, Drake's Island, and the Mount Edgcumbe 
coast, their continuation being broken by faults. On the 
north of Southdown grey fossiliferous slates form the cliff, 
and further north calcareous shales and slates, with ferrugin- 
ous nodular limestone and hard brown lenticles crossing the 
cleavage, are encountered. Traces of crinoids are plentiful. 
Grey slates containing Zavhrentis come on at the point whence 
the coast deflects to Sango Point. Grey slates and shales with 
beds and lenticles of hard dark grey limestone and many 
intercalated friable decomposed yellow beds then come on, 
succeeded toward Sango Point by slates with beds of compact 
grey limestone. 

Sango Point is composed of red and greenish slates with 
occasional small nodules of compact limestone. These beds 
are suggestive of the knolUn kalk type of the Upper Devonian. 
Following the low coast, from Sango Point east, the section 
recommences after passing the flat marking the old creek which 
once completely insulated Southdown. 

Toward Penhale bluish and brown, partly calcareous, slates 
and shales contain beds of hard blue crinoidal limestone and 
occasional massive beds of limestone. Near this, one of the 
masses of diabase on the hill north of Penhale comes to the 
shore. These diabases, and that extending from St. John's 
Creek to Wolsdon House, may be intrusive sills, but there are 
traces of volcanic rock in tlie calcareous slates and shales of 
St. John's Creek. 

The grey and dark grey slates contain lenticles of limestone 
and decomposed bands. A pale greenish band, probably of 
volcanic origin, 18 inches thick, is visible in two places at the 
end of St. John's Lake. 

The junction between the grey slates with limestone lenti- 
cles and the variegated red and green slates, whicE form most 
of the northern shore of St. John's Lake, is probably concealed 
by Head, shown on the map on the northern shore near the 
termination of St. John's Lake. There is little to be seen 
between here and Antony, but from indications of dark slate, 
in one place welded together with a very small exposure of 
igneous rock, and in another with a trace of limestone, I think 
the boundary runs from a shallow permanent well in Antony, 
at the foot of the churchyard, in a direction E. 15^ S., or 
thereabout, and that it is probably a fault. The termination 
of the Middle Devonian and its inadequate representation 
about St. John's would thus be simply accounted for by the 
bifurcation of the main fault ; one branch cutting out the lower 
beds at or near the Lower Devonian boundary, and the other 
throwing the higher beds against the variegated slates of the 
Upper Devonian. 
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St. Germans District. 



The Cawsand fault, judging from the distribution of 
variegated red and green slates between Earth and Markwell 
and near Tideford Cross, may cross the Lynher at the railway 
viaduct and enter the alluvium of the liddy west of Mark- 
well, leaving it on the east of Tideford and running thenc© to 
Tideford Cross. It may however turn, or send a branch, 
westward to unite with the Portwrinkle fault at Bosedale. 

From Tideford, Cutmere, and Padderbury, southward, dark 
slates prevail, which from the St. Germans schalstein north- 
ward have been included in the Upper Devonian. On the west 
of Tideford Bridge they contain thin bands and lenticles of 
limestone. On the north of the St. Germans volcanic band, 
near its westerly termination, dark grey slates associated with 
some nearly vertical beds of dark grey limestone are exposed 
in Treskelly Quarry and contviin^ Sty liol a. In dark slates in 
St. Germans Park, north of Port Eliot and west of Markwell, 
Posidonomya vermista (Mtinst.) was noted. In dark slates in 
Catchfrench Quarry (on the north of the high road north of 
Catchfrench) Styliolce occur, and these are certainly included 
in the Upper l)evonian. Purple and greenish slates occur 
here and there between Trerule Foot and St. Germans, but are 
almost entirely absent between Cutmere and Trerule Foot, 
where there are several quarries and numerous exposures of 
grey or dark grey slates, but no traces of fossils were obtained. 

The St. Germans volcanic rocks are chiefly grey and green 
schalstein tuffs weathering rusty brown and buff. K few feet of 
slate divides the eastern part of the mass near St. Germans 
Station, 

The continuation of the St. Germans volcanic rocks by a 
series intermingled with slates is visible in the railway cutting 
between fhe Tiddy and the Lynher. On the west bank of the 
Lynher, just south of the railway, grey slates with compact 
limestone lenticles, producing thickenings in the cleavage 
planes, occur on the south of the contorted volcanic rock. There 
is a little purple and green slate by the Tiddy a short distance 
south of the railway viaduct, so that variegated slates are 
apparently present on either side of the St. Germans schalstein. 
This renders the Middle Devonian age of any of the rocks 
north of the Polbathick valley somewhat doubtful, although it 
also admits of the possible representation of the upper beds of 
Middle Devonian, by grey slates locally containing variegated 
slates indistinguishable from the characteristic Upper Devonian 
variegated type. The volcanic rocks do not seem to cross the 
Lynher. 

The section from Earth westward shows grey or dark grey 
slates, occasionally with lenticles of limestone (or friable 
residues) and with harder bands traversing cleavage. Lenti- 
cidar bands of limestone, partly crinoidal, occur by the Pol- 
bathick Creek, east of Sconner House, and signs of decomposed 
calcareous matter are visible here and there on either shore. 
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Grey fossiliferous slates occur within a quarter of a mile 
south-east and south-west of Polbathiek. There are also signs 
of calcareous material and of crushed fossils in a slate quarry 
opposite Polbathiek, by the road to St. Germans, where the 
cleavage dip is south at 80°. In the north part of Perdredda 
Wood near the Portwrinkle fault the slates contain traces of 
fossils, mostly small, and in a neighbouring quarry (Under- 
ways Quarry) some irregular blue slaty limestone is present. 
At about a quarter of a mile beyond Catchfrench, near the 
Portwrinkle fault, papery slates or shales occur. A similar 
character is exhibited near Landulph. From Catchfrench to 
Menheniot Station, where we enter on the Liskeard area, the 
continuity of the Middle Devonian cannot be proved. 



Liskeard District. 

This is by far the largest area of Middle Devonian rocks in 
the map. Excepting doubtful rocks toward Pengover Green 
and Quethiock, it is about twice the area of the Middle 
Devonian of Plymouth and St. Germans combined. 

The prevalent type is argillaceous and fine rather silty 
sediment with coherent cleavage planes, separating readily at 
intervals, in floors which give the sections the aspect of thick 
even-bedded mudstones (see Frontispiece), intersected by 
joints permitting of the rock being quarried in large prismatic 
blocks suitable for rough building purposes. Bedding is 
generally distinguishable by irregular suture-like cracks, here 
and there traversing the cleavage floors in a zigzag manner, or 
by an occasional band, of silty or calcareous character, strong 
enough or sufficiently insoluble to preserve its individuality 
in spite of compression and distortion. The character of the 
mudstone where the rather silty type prevails, as between 
Bosent and Trevelmond, is somewhat suggestive of Lower 
Devonian. 

This type gives place irregularly to grey slates of ordinary 
character in which the cleavage planes are equally fissile 
throughout. It is most prevalent between Liskeard and 
Dobwalls on the north, and St. Kevne and Herodsfoot on the 
south. The major cleavage planes usually have low dips, and 
the bedding crosses them at high angles with that gnarled or 
zigzagged structure so frequent in Devonian rocks. 

At Ilerodscombe Mine, near the Lower Devonian boundary 
on the east side of the valley at Herodsfoot, the rock presents 
the appearance of a dense dark grey mudstone with rather 
aler interbanding, denoting cleavage and exhibiting paral- 
elism to the major cleavage planes along which it splits in 
slabs about half an inch or so thick. The parallel banding is 
crossed obliquely by a fine structure like undeveloped 
secondary cleavage, which is shown by the alignment of 
occasional small fossil traces to be bedding. At Herodsfoot 
Mine, on the opposite side of the valley, the tips are of 
ordinary dark slates. 
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Near Liggars, at one mile N.17° E. from Herodsfoot Church, 
blue brown-weathered f ossilif erous slaty mudstones are exposed 
in a quarry, the bedding being apparently more or less vertical 
with undulationss On the east side of the valley, about 660 
yards north-west of this quarry, dark 8lat€s with trax?es of 
fossils give north and south dips in schistosity. At about 440 
yards north of this, about 300 yards north-west of Higher 
Scawn, there is a quarry in brown-banded fossiliferous mud- 
stone with planes dipping southward at 15^ to 20^, and with 
signs of bedding accentuated by quartz veins. The fossils 
include trilobites, brachiopods and crinoids. On the east side 
of Trevelmond, by the lane, grey and drab slates contain 
Avlopora or Clodochonus, a small Zaphrentds, and fragments 
of trilobites, apparently Phacops {Cryphccus) punHatus (Stein.). 
The fossils in both these exposures are similar to those in the 
slates of Elburton, east of Plymstock (Sheet 349), near the 
southern border of the Plymouth limestone. 

Mr. Giles considered the fossiliferous slates of Trevelmond 
identical with those at Bodmin.^ In the lane from Trevel- 
mond to St. Pinnock tough brown-weathered slates, with schis- 
tosity varying from horizontal planes to low southerly inclina- 
tions, are intersected by irregular crumpled-looking cracks, 
evidently gnarled bedding planes from which calcareous or 
other soluble material had been dissolved. There are traces 
of fossils. Between Trevelmond and Dobwalls, south of the 
railway, the mudstones exhibit fine pale banding. 

The slates or mudstones are locally stained reddish near 
Dobwalls and south of St. Pinnock. The argillaceous slates 
and mudstones give place to dark slates of a more pronounced 
type beyond Coldwind and Tuelmenna, and these have been 
extensively quarried in the adjacent map (347) south of St. 
Neots. Whether they belong to the uppermost horizons of 
the' Middle, or to the basement beds of the Upper Devonian is 
uncertain. 

The East Looe valley presents many good exposures. 
Between Lametton Mill and Killagorrick grey slates prevail, 
but further north the prismatic splitting mudstones are 
typically exposed in quarries near Gormellick, Trussel Bridge, 
and in the wooded tributary valleys south of Moorswater. 

In a quarry south of Lamellion, the mudstone yields large 
blocks. 

Mr. Giles* records the discovery of Phacops arachnoides 
(according to McCoy), a large Petraia, Pleuodictyum prMema- 
tieuniy Receptaeulites neptuni (according to McCoy), Avlopora 
repens ( ?), and of Spirifer, Orthisy and Leptcena in argillaceous 
beds, consisting of alternating soft light-coloured, and coarse 
bluish, bands, dipping with and across cleavage near Trussel 
Bridge. This locality is probably the old quarry by the road 
on the west of Trussel Bridge. Near the west end of Slip 
Wood blue mudstones have been quarried, yielding large flat 

1 TraTu Roy, Qeol Sac. Com., vol. vii., p, 98. 
• IHd,, p. 169. 
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blocks ; bedding is shown by brown vertically contorted fossili- 
ferons bands. Vertically zigzagged and curved bedding is 
also sliown in quarries on the east side of the valley, at 280 
yards south, and 550 yeards north of Trussel Bridge, respec- 
tively. The Frontispiece is a photograph of a quarry a quarter 
of a mile west of Lamellion, in which grey drab-weathered 
mudstones exhibit suture-like vertically curved bedding 
cracks traversing planes with a southerly dip of 15^. Both 
are crossed by joint cracks inclining southward at about 60^. 

The extension of the Looe Railway to Liskeard yielded good 
exposures in cuttings south of the viaduct (where it passes 
under the Great Western Railway^. Dark slates here form 
a more or less calcareous series with a pronounced interband- 
ing of limestone and decomposed friable residues. The 
cleavage jilanes are in part nearly horizontal, and the dip, 
shown by stripe or crinkled lines of fracture, crosses them m 
highly inclined undulations. Where the signs of bedding are 
absent the cleavage sometimes simulates thin horizontal 
bedding. 

In an old quarry by the high road to Liskeard, north-east of 
Bolitho, vertically contorted bedding is shown to cross the 
cleavage of slates. East of Bolitho, by the Great Western 
Railway at Cartuther Viaduct, and south of Trethawle, grey 
slaty mudstones have been quarried, yielding in some places 
long blocks and splintery masses, in others rectangular blocks. 

At half a mile south-west of Trethawle splintery- fractured 
fossiliferous slaty rock has been quarried, and mid-way 
between this and the volcanic patches on the north, dense finely 
laminated slaty mudstones are exposed in a quarry. The 
larger patches of volcanic rock near this are chiefly schalsteins 
and the smaller patches to the east and west are vesicular 
volcanic rocks associated with slates. 

In the railway cutting due south of Bolitho a small patch of 
igneous rock is overlain by altered slates. The two small 
patches on the south and a lesser one, near by, on the north, 
may be intrusive, also the masses at and near Cartuther and 
south of Trethawle. The bands of volcanic tock near the 
Clicker Tor picrite mass on the north-west to beyond Treviddo, 
seem to have been fine tuffs and vesicular lavas. They may 
be the same series (shifted by fault) as the tuffs, schalsteins 
and vesicular igneous rocks in the dark slates north of 
Menheniot vStation, and east toward Coldrenick, and the con- 
nection of both with the schalsteins and vesicular igneous rocks 
near Trethawle is very probable. 

It would be out of place here to enter into the relations of the volcanic 
rocks, but this line of igneous rocks occurring just on the north side of the 
direction which, if prolonged, the Portwrinkle fault should take is sxig- 
gestive, and the absence of volcanic rocks west of the East Looe valley is 
suggestive, either of the cutting out of a volcanic horizon by fault, or of 
the western border of a region of vulcanicity. In either case the volcanic 
materials would appear, if Middle Devonian, to be very high in that group. 
In the some category we may include the igneous rocks running through 
Liskeard, which may be intrusive sills, and perhaps those between Stony 
Bridge and Koseland* 
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Iloseland Quarry is on the east side of the Seaton valley 
west of Tregrill. It has been described by Peach ^ and Giles.^ 
The latter gives the descending section as, soft brownish slates 
with very few fossils upon about three feet of argillaceous lime- 
stone containing Trilobites, Orthoceratites, Bellerophon, Tur- 
binolopsis, Pleurodictyum problematicum and crinoids, upon 
hard blue slates worked for roofing and flooring flags. The 
dip is said to be southerly at from 6^ to 20^, and cleavage 
south at 36^ to 40^. Most of the beds contain iron pyrites ; 
the slate beds are traversed by minute veins of lead-bearing 
quartz and contain calcareous concretions. 

Mr. Fox showed me specimens of dark slate with numerous 
Styliolce which he obtained from this quarry, so the rocks are 
either altogether Upper Devonian, or only Middle Devonian 
from the limestone downward. 

Opposite the quarry (at Cartuther Mill), on the south of a 
mass of proterbase, the slates are in part converted into 
white-coated hornstone. There are thin bands oi tuft* in them 
between this and Tregrill. Not far north of the igneous mass 
blue slates are shown with a south cleavage dip of 24^, and 
appearances of bedding inclining east at 5^. This dip accords 
with the irregular northerly strike of decomposed igneous rocks 
north of Roseland Quarry. 

By the high road to Jjiskeard, north of Bolitho, a well was 
sunk through slate to a depth of 64 feet when rock similar to 
that of Clicker Tor was said to be encountered. This spot, 
Maudlin, is on the site of an Hospital for Leprosy. 

A mass of igneous tock is exposed in a quarry between 
Stony Bridge and the (Bodgara) Mill by the Seaton valley east 
of Liskeard ; dark slates associated with two masses of finely 
crystalline limestone either abut against^ or are in vertically 
plicated junction with, it. 

On the north and west of Liskeard the slates and slaty 
mudstones are more or less argillaceous and weaiher buff or 
rusty brown. On the south-east side of Trembraze Pleuro- 
dictyum proUematicum (Goldf.) was noticed in a quarry of 
argillaceous slates with low southerly dipping cleavage planes 
and vertically undulating bedding. There are many quarries 
and exposures, on either side of the Seaton valley, for a mile 
or more above Stony Bridge, which display slates and mud- 
stones often banded with, or showing signs oi the decomposition 
of, calcareous material. Giles noticed carbonate of lime in the 
slates at Stony Bridge, and obtained Trilobites, Turhinolopns 
and a pirobable Sjnrifer; he refers to a flexure and to the 
jaspideous texture of the slates below the fossil horizon, render- 
ing them hard enough to be used for roadstone. 

Salter mentions the occurrence of Phacops latifrons in slates 
with Pleurodietyum near Liskeard and of Phacops (Cryphceus) 
punetatus in the slates of Liskeard.^ 

At the north margin of the map the rocks are altered, being 

* Peach. Trant, Roy. Oeol, 8oc, Cam,, vol. vi., p. 19. 

> GUes. 2Hd., voL vii., pp. 93—97. 

9 * A Monograph of British Trilobites/ Pal, Stfo., 1861, pp. 20, 69 and 60. 

f3 



i'ust within the contact zone; they resemble platy rocks at 
vybridge, and may be Middle or Upper Devonian. 
Between Merrymeet and Venton House argillaceous mud- 
stones, broken into bed-like masses by nearly horizontal major 
cleavage planes, show vertically curved, or zigzagged, beddin? 
in suture-like cracks and brown seams. Similar rocks with 
low southerly cleavage dip are exposed between ilerrymeet 
and Penhawger. Near Quethiock the slates betray no definite 
character. South of Merrymeet the mine tips are all in dark 
slate, stated by Mr. J. H. Colijns to be the same as that at 
Herodsfoot. At Trevartha, south of Pengover Green, grey 
slates with low schistosity dips are traversed by several thin 
bands of limestone. 

A mile and a half east of Trevartha, a quarry at Hepwell 
Bridge (Fig. 9) shows bluish, brown- weathered, slates, with 

Fig. 9, — Quarry at Bepw«U Bridge. 




cleavage planes dipping at a low angle southward, irregularly 
traversed by bedding cracks accompanied by brown films. 

On the east side of the valley between Trecorme and Trewood- 
gate the road cutting exhibits dark slates with lenticular beds 
i)f hard brown -weathered limestone. 

The foregoing, although the rocks have been coloured as 
Upper Devonian on the map, are somewhat suggestive of a 
complex anticline of Middle Devonian rocks in the Upper 
Devonian districts east of Liskeard. In Eilquite Quarries (on 
the east of, nnd near to, Tilland) thin limestone bands occur 
impersistently in the dark ."ilates in places. This is not con- 
clusive evidence of Middle Devonian, because limestone bands 
and nodules are characteristic nf some well-known types of 
the Frasnian or lower beds of the Upper Devonian. 

The occurrences of Pleurodiciyum in the slates of Trembraze 
and in Eoseland Quarry, described by Giles, west of Tregrill, 
are included in the Middle Devonian on evidence which, may 
appear slender, but no indications of such fossils have been 
met with in the numerous localities (except in Boseland 
Quarry) where cyprida and Styliolce have been found, and these 
localities have not yet been found to extend to the westward 
of the Seaton valley. Again, the volcanic rocks practically 
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disappear in the same direction. There is, therefore, some 
groyind for admitting the probability of the extension of an 
anticline of Middle Devonian toward Quethwick. 

As regards the local limestone bands and lenticles which 
have been mentioned in this chapter as possible evidence of a 
complex anticlinal of Middle Devonian amongst Upper 
Devonian slates and volcanic rocks, and the calcareous materials 
at Sango Point on the south of St. John's Lake, and west of 
Tidef ord Bridge ; in the absence of fossil evidence these might 
with e^ua] if not greater propriety be included in the Upper 
Devonian. Their inclusion in this chapter is on no better 
grounds than adherence to the trite principle of giving pre- 
ference to the older rock in doubtful cases. 

Igneous Rocks in the Middle Devonian. 

Through decomposition and consequent assimilation in 
character to decomposed calcareous materials many of the thin 
bands and seams of tuff associated with the Middle Devonian 
slates have no doubt escaped detection. Notwithstanding this, 
there is every reason to conclude that the tuffs and schalsteins 
which form so distinctive a feature in the Middle Devonian 
from Plymouth eastward become less abundant in that series 
westward, and are not represented in the area west and south- 
west of Liskeard, although feebly evidenced in proximity to 
a fault in the adjacent map (Sheet 347). How far this may 
be due to the cutting out of the rocks above the Eifelian slates 
(which are, as a rule, unaccompanied by contemporaneous 
volcanic rocks) by the prolongation of the Portwrinkle fault 
through the Liskeard area it is not possible to say. In the 
St. Germans district there is a strong probability of a bifurca- 
tion of the Portwrinkle fault from Rosedale along the Polbath- 
ick valley to the Cawsand fault near Earth. If this is the 
case the volcanic rocks of St. Germans would probably belong 
to the Upper Devonian, and the Middle Devonian slates wo aid 
be almost cut out. 

The spilites in George Street sewer and at Haglan 
Barracks are provisionally included in the Upper Devonian. 
The contemporaneous igneous rocks in the Middle Devonian of 
8u£5cient importance to be shown on the map are: In the 
Plymouth district — the volcanic rocks of Mount Batten, of 
Drake's Island, of Southdown, and of Inswork, all of which 
are about the same date, and a mass of volcanic ix)ck in 
plicated and irregular association with the slates, on the coist 
east of Mount Edgecumbe House, which may be somewhat 
lower in the series. In the Liskeard district — the patches of 
schalstein near Trethawle, south of Liskeard, and possibly 
volcanic bands between these and Clicker Tor. The igneous 
rocks near Liskeard may, if volcanic, belong also to the Middle 
Devonian. The Mount Batten rock is a "ferruginous vol- 
canic ash," according to Worth.* White dolomitic concre- 
tions veined with quartz occur in this rock. 

^ Trant. Levon A$tae», 1887, vol. xix., pp. 486, 487. 
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Worth called the Drake's Island volcanic rock a " chloritic 
tufaceous clay slate." 

Dr. Flett descrihes the Drake's Island rock as " greenish- 
yellow, sheared and brecciated igneous rock, filled with 
chlorite, limonite and secondary quartz, but containing 
unusually little calcite. It has been fine-grained, but in 
consequence of the shearing and decomposition its original 
structures are nearly effaced." 

Whether lavas or tuffs, the Drake's Island rocks are 
schalsteins and most certainly contemporaneous. The diabase 
patches north of Penhale and St. John's, terminating at Wols- 
don House, are probably intrusive dykes or sills. In the 
Liskeard district, near Pendean on the west of Liskeard, 
decomposed brown igneous rock resting on indurated grey 
slate is shown in a bye-lane. In another place the igneous 
rock occupies a pipe or synclinal pocket in the slate. The 
evidence is not sufficient to establish the contemporaneous 
character of the igneous rock. 

The igneous rocks near Gormellick and Trethawle consist 
of schalsteins resembling sheared f elspathic tuffs and of highly 
vesicular lava analogous to that of Ilenn Point; they seem 
to be above the surrounding slates. An interesting section 
is furnished by a quarry on the north of Bodgara Mill (the mill 
in the Seaton valley east of Liskeard). Here blackish slates 
with two masses of sub-crystalline limestone (possibly Upper 
Devonian) are probably in vertically contorted junction with 
hard grey igneous rock, which may be either intrusive or 
contemporaneous. The igneous rocks are regarded by Dr. 
Flett as ** of a different type from the vesicular lavas as they 
are more coarsely crystalline, and though they contain lenticles 
of calcite, they do not show rounded steam cavities. Their 
principal component is plagioclase felspar in crystals up to 
\ mm. in diameter. These are embedded in chlorite and 
calcite which form irregular streaks between them. Iron 
oxides, mostly ilmenite weathering to leucoxene, are also 
common. The affinities of these rocks are with the diabases. 
They are distinctly sheare<l though not greatly, and are veined 
with chlorite and calcite." This may be the rock described 
by Phillips^ at half a mile west of TrewoUand. As 
regards the contemporaneous volcanic rocks in Sheet 348 
it may be confidently stated that the period they extend over 
began during stages in the formation of the Plymouth lime- 
stone and continued with increased intensity through the 
earlier stages of the Upper Devonian, but in a restricted area. 
Whether amongst the volcanic rocks of the Upper Devonian 
area there are anticlines of Middle Devonian volcanic rocks or 
not is almost wholly dependent on the recognition of Middle 
Devonian sediments, proofs of the occurrence of which have 
not been obtained. 

The following notes are by Dr. Flett: — 

The igneous rocks in the Middle Devonian of this sheet 
have all a great similarity in general character and may be 

* QvarL Jaurn, OeoL Soe., 1878, p. 488. 
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conveniently grouped together under the name of schalsteins. 
In their microscopic features they do not differ essentially 
from the better preserved and more numerous volcanic rocks 
which occur in the Upper Devonian of this sheet (see p. 94). 
In the hand specimens they are various shades of green ranging 
from dark tints to a pale grey green according to the amount 
of chlorite and calcite they contain. A few have a fairly 
massive appearance but most are schistose, and in some cases 
a pronounced thin foliation has developed. Where they are 
vesicular they show rounded white spots consisting of calcite, 
and these are flattened out in the more sheared specimens 
till they form elliptical or elongated lenticles parallel to 
the schistosity of the rock. They are all soft and much 
decomposed, but in the last stages of degeneration they are 
converted into creamy, pale brown or rusty coloured masses. 

That they were originally basic igneous rocks is perfectly 
clear both from their relations in the field and from their 
structure. in microscopic section. The abundance of vesicles 
filled with calcite is one of their most obvious peculiarities 
and leads to the assumption that they are either lavas or tuffs 
which are composed largely of spongy lapilli. In either case 
they are contemporaneous, interbedded igneous rocks. The 
tuffs, when least sheared, often preserve their fragmental 
structure, and the scoriaceous lapilli, though drawn out, bent 
and flattened by pressure, are visible in the sections separated 
by a matrix of crystalline grains of calcite, with chlorite, 
argillaceous matter, original and secondary quartz, limonite 
and other decomposition products. Grains of sphene produced 
by the weathering of titaniferous iron oxides, and small, 
sharply crystallised, rhombohedra of dolomite appear also in 
many of the sections. Any considerable percentage of argilla- 
ceous or arenaceous sedimentary matter is rarely present. 

The spongy igneous rocks consist of plagioclase felspar, 
chlorite and other secondary products after pyroxene, and 
iron oxides. It is no longer possible to make certain of the 
original presence of olivine; definite pseudomorphs after this 
mineral have never been observed. A fine devitrified or 
minutely crystalline groundmass is abundant, especially in 
the most vesicular specimens, but its characters cannot be 
satisfactorily studied in consequence of the decomposition of 
the rock and the infiltration of calcite and other secondary 
minerals. Fluxion structure is very common and often very 
perfect; the larger felspars lie with their long axes parallel 
or form undulating streams while the smaller elongated or 
acicular felspars wind around them. The rocks ai*e in many 
cases porphyritic, though the phenocrysts are not large ; they 
belong usually to plagioclase felspar, which, when determinable, 
has the composition of oligoclase. It is often replaced by 
calcite, kaolin, mica and quartz and is permeated by chlorite 
from the surrounding rock. The augite has proved even 
more susceptible to decomposition than the felspar; only very 
rarely can fresh fragments of it be discerned as by far the 
greater part has passed into chlorite, calcite and finely granu- 
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lar sphene. Pyrites, magnetite, ilmenite and leucoxene, 
together with a small amount of apatite, are the remaining 
ingredients of these rocks. 

In all the sections the evidence of pressure and crushing 
is conspicuous, but the metamorphism is never of an advanced 
type. For this reason, among others, the pale green horn- 
blende so abundant in the igneous rocks known as greenstones 
in western Cornwall is not observed in the Plymouth schal- 
steins. Neither does epidote develop, at any rate in any 
quantity. The more spongy rocks show the effects of pres- 
sure first in the material filling their vesicles; the calcite, 
which is coarsely crystalline, yields along its crystalline 
glide-planes, and its cleavage and twinning often exhibit 
curvature and contortion. The yielding of the contents of the 
amygdaloidal cavities is accompanied by a distortion of the 
rock matrix. The felspars are twisted and bent; frequently 
they are fractured and the fragments drawn apart. The 
chlorite no longer retains the form of the original augite, 
but passes into elongated or sinuous lenticles. When flatten- 
ing is extreme the whole rock becomes schistose and all its 
elements assume a parallel orientation. Still, as remarked 
above, the changes are limited in degree, and there is no close 
approach in minerals or structure to the true crystalline 
schists. In fact when the rocks are not badly weathered 
their igneous structures are usually suflSciently well pre- 
served to allow a fairly clear conception to be formed as 
regards their original nature. Dr. TealP has remarked on the 
complete similarity of these rocks in all essentials to the 
igneous masses belonging to the same system in the Harz, 
Thuringia, Westphalia, and the Ardennes. 

The Drake's Island rock (4322), described by Worth, 
is probably a very rotten basic lava or tuff. A finely vesicular 
crushed tuff was obtained in the sewer under George Street 
(4309), Plvmouth (PI. 4, fig. 2), amygdaloidal basic rocks 
(probably lavas) occur near Hartley Reservoir (PI. 4, fig. 3) 
(4307) and at the Raglan Barracks (4310), Plymouth. The 
Trethawle rock (4570, 4571) is greatly sheared and utterly 
decomposed, so that it is a schistose aggregate of calcite, 
chlorite, limonite and quartz, but there can be no doubt of 
its igneous origin. Near St. Germans (W.N.W. of Fairfield 
House), there is a much crushed schistose green calcareous 
tuff (4569). The specimens from the quarry near Bodgara 
Mill (4320, 4321) are more coarsely crystalline and not vesi- 
cular; there is some reason to believe that this is a crushed 
intrusive mass. 

J. S. Flett. 

* Teall, J. J. H., * British Petrography/ p. 234, (1888). 
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CHAPTER IV. 
UPPER DEVONIAN. 

General Notes, — TypeSy Fossils, 

In the Torquay and Newton Abbot limestone area the 
occurrence of Rhynchonella ouhoides (J. de C. Sow.) with 
Stringocephalus in the limestones of Lummaton and Wol- 
borough (with which the upper part of the Plymouth limestone 
must be correlated) renders the separation of the Upper from 
Middle Devonian by these leading Continental fossils impos- 
sibly. The most satisfactory boundary that can be obtained 
is in those cases where shaly Upper Devonian Goniatite lime- 
stones, or their slaty representatives with the Budesheim 
fauna consisting of small Goniatites, BactrUes, and Buchiola 
retrostriata (v. Buch.) are in contact with the massive reef 
limestones, as at Petitor, Ilsham, and Lower Dunscombe. 
In Sheet 348 these characteristic types have not been found 
in contact with the Plymouth limestone, although badly 

E reserved but unmistakable traces of the Budesheim fauna 
ave been discovered near Warren Point on the Devon shore 
of the Tamar and between Ince Castle and Earth on the 
Lynher estuary in Cornwall in the slate districts, four miles 
north and west-north-west of the Plymouth limestone respec- 
tively. 

The relation of the limestone to the slates on its northern 
border may best be explained on the assumption that the reef 
growth did not extend northward, and that muddy sedimen- 
tation on its margin would take place slowly, and considerablv 
below the level of coral growth. Thus, when buried beneath 
muddy sediments, the successive coral growths would 
end abruptly against materials subsequently deposited. 
Subsequent movements would tend still further to obscure 
the stratigraphical relations of limestone and slates. This 
explanation would equally apply to the northern border 
of the Newton Abbot limestones. 

The occurrence of red and green slates in the Middle Devon- 
ian is local and exceptional; in the Upper Devonian, on the 
other hand, they are characteristically but irregularly devel- 
oped, pale green or greenish-grey tints being on the whole 
most prevalent. The deep red green-banded slates of Mutley 
have their counterparts m the slates of Pentire Haven, in 
North Cornwall, as also in the slates of Goodrington, Saltern 
Cove, Pet it or, Highweek, and elsewhere in the Torquay and 
Newton Abbot area. 

The Mutley and Pentire variegated slates are very similar 
in colour and variegation to the Dartmouth slates of the 
Talland coast, so that without any clue to the Devonian suc- 
cession it is not surprising that De la Beche should have cor- 
related the variegated Upper Devonian slates of Pentire with 
the variegated Lower Pevonian slates of Watergate Bay. 
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In 1888 in investigating the South Western Railway cuttings 
between Devonport and Tavistock I placed ^ the purple-red and 
green slates of the Plymouth area in the lower part of the Upper 
Devonian. This correlation was established by my discovery of 
the characteristic cyprids in 1893^ at Torpoint, &c., and by Mr. 
Fox's discovery of the Btidesheim fauna in North Cornwall in 
1894,^ both discoveries being announced in his Presidential 
address to the Royal Geological Society of Cornwall in the 
latter year. By Mr. Fox's researches at Trevone and in the 
Padstow estuary, and by my independent work in Sheet 348, 
the local association of beds of limestone in dark slates con- 
taining Styliola has been proved, so that the bands of lime- 
stone that occur in the slates of Botus Fleming must be in- 
cluded in the Upper Devonian, except perhaps the coralline 
limestone of Nail Point (near Landulph), which might repre- 
sent the top of the Middle, although there is very little doubt 
that Buchiola retrostriata occurs in the dark slates to the north 
of it. 

In the boring put down to a depth of 412 feet by 
Messrs. Isler and Co. for the Saltash Corporation, on 
the west* of the town, no signs of limestone were en- 
countered, the specimens obtained for investigation being 
powdered grey slate with quartz veins in places. The cores 
were unfortunately destroyed, and the charts of this sinking 
and of the well at Messrs. Vaughan and Co.'s Saltash Brewery, 
sunk to a depth of 174 feet, only mention slates with * stone * 
and * hard blue rock with white crystallized veins * which 
may be andesitic basalts.* There is therefore no evidence that 
the Plymouth limestone mass extended northward, and it is 
highly probable that its horizon is to some extent represented 
by dark slates such as those which separate the limestones in 
the George Street sewer tunnel from the variegated slates on 
either side of them. Without fossil evidence it is not possible 
to distinguish dark slates which may represent the upper 
stages of the limestone from dark slates which partly repre- 
sent the lower stages of the Upper Devonian. 

The Upper Devonian rocks are slates which, through acci- 
dental coincidence of cleavage with bedding and where inter- 
bedding with limestone bands has protected them, locally 
exhibit the character of shales. Where the planes of lamina- 
tion or cleavage are not fissile they assume the aspect of 
argillaceous mudstones. 

The greenish, purple and green, and grey slates are all mot^ 
or less plentifully sprinkled with small particles of white 
mica, and both the green and dark grey slates where sheared 
often present a sericitic aspect. The slates associated in the 
more or less calcareous horizons (as in the Landulph coast) 



I Trans. Devon, AsgoCy 1889, vol. xxi., p. 450. See also Qit^H. Journ,Qtol, 
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., 1890, vol. xlvi^ p. 512 ; and Tra/ns. Itoy, Geol, Soc, Com., 1891, PP. 48, 49. 

* Report of the Director-General of the Geological Survey for 1893.* 
^ IVans. Boy. Oeol. Soc. Com., 1894. 
* Fuller detailB of this boring are given on ppr 131, 182. 
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often weather to a pale brownish tint and exhibit a somewhat 

Eulverulent aspect. This is equally noticeable in the Port- 
illey and Rock coast in the Camel estuary, and the surfaces 
are mottled with tiny dots and specks, amongst which 
Styliolce are often recognisable. Slates of this type are visible 
amongst the variegated slates of Warren Point and between 
Earth and Ince Castle. 

Near Trewint (near Menheniot) by the road to Hepwell 
Bridge, and between Coombe and Penpoll argillaceous mud- 
stones with white and grey banding occur. The rocks 
west of Quethiock and north of Tregondale are in places 
similar in type to banded rock which occurs at Herodscombe 
Mine, and in the absence of any recognizable fossils we may 
here entertain the probability of a plicated association of 
Upper and Middle Devonian strata. 

Association tvith Volcanic Rocks. 

The cutting of the South Western Railway when first 
opened^ displayed the characters of the slates and their asso- 
ciation with contemporaneous and intrusive rocks in the 
district north of Plymouth much better than they do now. 

The mouth of the tunnel at Devonport South Western 
Railway Station has been excavated in purple green- 
banded slates. After penetrating a mass of dark grey 
slates, the tunnel terminates in green and purple 
slates. On crossing the intervening valley Ford Cutting 
commences in grey slates faulted in one place and 
succeeded near Ford Station by contemporaneous igneous 
rocks consisting of schalstein-tuffs, breccia, ^nd vesicular 
andesitic basalt. These are probably faulted in two places 
where slates occur. They occupy the cuttings for about 220 
yards, dipping southward, and are succeeded on the north by 
dark grey slates with quartz veins and ferruginous staining 
at the joints. At commencement of the next cutting the grey 
slates give-^lace to purple and greenish slates, the latter tint 
predominating toward Camelshead Bridge. 

After crossing Camelshead Bridge the next cutting ex- 
hibits dark grey slates with a mass of felsitic rock, cleaved in 
thick slabs and apparently passing into tuffs similar to those 
near Ford Station. This rock is exposed in a quarry by the 
adjacent high road on the west. It is described by Dr. Flett 
as follows : — '* This pale green and brown f elspathic rock is 
evidently sheared, and in the microscopic section shows many 
broken crystals of plagioclase felspar in a more or less crushed 
matrix, in which much fine scaly sericitic mica has developed. 
Calcite and iron oxides are present also, and some specimens 
are stained with diffiised limonite. Quartz occurs in small 
quantity, being absent from most of the rock. This is a 
breccia of igneous material, probably a fine, highly felspathic 

D^ribed by Worth, TVans. Devon, Assoc^ 1889, vol. xxi., pp. 261-288 ; 
Ussher, IHd., pp. 437-151 
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contact with an intrusive mass of doletite. Further 
north an intrusive mass of proterobase, scarcely seen in the 
cutting, is well exposed in the foreshore. These rocks ex- 
hibit spheroidal structure. " The dolerite is largely fels- 
fiathic, and in its unweathered portions prominently crystal- 
ine. It contains plagioclase felspars, mica, augite, viridite, 
apatite, and ilmenite, and has been described by Mr. Teall as 
an * ophitic mica-bearing diabase containing much apatite '." ^ 
Worth considered that the " hard, compact, closely- jointed 
olive grey slates" in this cutting had been for the most part 
originally " very fine grained volcanic dust," and detectea in 
them " traces of tufaceous bands of finely vesicular lava flows." 
Somewhat similar types in North Cornwall, near Pentire, and 
in the Newton Abbot area may pethaps owe their more solid 
or massive character to an admixture such as that suggested. 
The next cutting is in ^reen and purple slates* just south of 
Tamerton Creek ; these snow signs of crushing and disturbance 
marked by quartz veins and contrary inclinations in cleavage 
planes. The cutting between Tamerton Creek and the Tavy 
is in grey and drab slates, with a two-foot band of decomposed 
igneous rock near the Tavy. 

Distribution of colouring matter. 

Worth suggested a six-fold repetition of the strata between 
the Tavy and Plymouth, based on the recurrence of purple 
slates.* 

A general separation between the purple and green and the 
grey slates can be made^ but this does not exclude local occur- 
rences of either in the chief developments of the other, and 
is subject to the caprices of oxidation leading to the partial or 
complete absence of the purple tints which are of much more 
restricted and irregular occurrence than the green. 

Purple and green slates prevail from the Plymouth limestone 
northward to Fotd and Mutley, but dark grey slates occur at 
Devonport Great Western Railway Station, speedily disappear- 
ing eastward, and perhaps represented westward by grey slates 
amongst the variegated slates of Antony Park and Torpoint. 
Purple and green slates occur at Camelshead Bridge and the 
Naval Barracks, from thence eastward to Prospect Hall, and 
to a small extent at Pounds; they are bounded by the grey 
slates in which the volcanic rocks of Hartley Reservoir, 
Thomhill, Ford, and St. Budeaux occur. These grey slates 
tun through St. Stephens to Tideford Cross ; they are bounded 
on the north by purple and green slates between St. Budeaux 
and Tamerton Foliott, and on the south by similar variegated 
slates between Antony Ferry and Markwell. 

The variegated slates on tne north extend westward through 
Carkeel to Notter, whete they become associated with volcanic 
rocks, toward Landrake, Trewandra, and Blunts; the same 
igneous rocks continuing in association with grey slates west- 

^ Ihid,, 1889, vol. zzi., p. 280. 
* IHd., p. 28$. 
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separatioQ caa be drawa. Croniatites and markings suggestive of Styliola 
have been obtained in greenish aod buff-grey slates, associated with 
pnrple slates, near Warren Point by the Tamar. 

Between Beer Ferrers Station and the Tavy the principal 
South- Western Eailway-cutting as described by Worth ^ 

** begins in drab slate and passes to hard bine massive slate, with quartz 
veins and segregations, some highly crystalline, also calcite. Much of 
the rock here is thick-bedded and imperfectly cleaved. There is great 
contortion and some faultiag. At no point of the line ... is 
disturbance without the actual presence of a disturbing cause so strongly 
marked. . • . The cutting passes out in ordinary drab slate.'* 

The next cutting on the south is shallow, and exhibits loose drab slate. 
To the south of this, the shores and bottom of the Tavy were proved to 
consist of purplish slates ** well jointed and closely cleaved, the cleavage 
faces being finely wrinkled." 

The purple variegation is almost entirely absent from the 
pale grey and green slates and mudstones north of a line con- 
necting Looseleigh House, Tamerton Foliott, and Warleigh 
Barton, in Devon, and prolonged in Cornwall from Cargreen 
to Quethiock ; but, although this might be in part due to the 
cutting out of variegated beds on the north of the Botus 
Fleming anticline by faults, the occurrence of purple slates 
beneath the St. Mellion outlier, near Polborder, and near 
Ludcott (near Trebeigh Wood), makes it much more probable 
that the same horizons in which variegation so strongly pre- 
vails on the south are represented by greenish slates on the 
north, which through the absence of determining causes were 
seldom peroxidated, or if peroxidated were subsequently 
largely deoxidized. 

Fossil Localities. 

The occurrence of Styliola and of Posidonomya venusta 
(Munst.^ in dark slates in St. Germans Park, and of the 
former lossil in a quarry near Catchfrench (south-east of Men- 
heniot), in Boseland Quarry (near Tregrill), and near Botus 
Fleming, justifies the inclusion of the dark slates north of the 
Plymouth limestone of St. Germans and east of Boseland 
slate quarry in the Upper Devonian. It is very probable that 
the calcareous beds and lenticles by St. John s Lake near 
Sango Point, between Trecorme and Trewoodgate, and in 
Kilquite Quarries (described in the foregoing chapter) may 
correspond to the limestones of the Botus Fleming valley, 
and of the Padstow Estuary ; but as no fossils have been found 
in them, or in the associated slates, they have been very doubt- 
fully ascribed to the Middle Devonian. The possible repre- 
sentation of the Landulph limestone by dark limestone in 
George Street sewer tunnel is also suggested. The only 
places where signs of the Budesheim fauna have been met 
with are as follows : — Devon shore of Rivey Tamar, at 110 yards 
south of Warren Point, small Goni^itiUs in greenish and grey 



J Ibid., 1889, vol. xxl., pp. W, 276. 
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slates associated with purple slates apparently containing 
Styliola, The grey slates of Landulph associated with lime- 
stones contain Styliola in abundance (possibly also small badly- 
preserved GonicUites), and small Gasteropods, In the dark 
slates on the north side of Nail Point by the Tamar there are 
traces of fossils amongst which Cardiola {Bxichiola) tetrostriata 
was recognized. By the Lynher estuary, between Earth 
and Ince Castle, west of Ince Brake (about 770 yards 
from Ince Castle) in dark grey slates weathering buff and 
drab, which in places contain numerous soft brown nodtdes 
and nodular bands, of the German knoUen kalk type, BactrUes 
and small distorted GonUiiit^s were recognized. Occa- 
sional casts of a small shell resembling Carddola, but with 
ornaments effaced, were met with in the nodules. East of the 
above, and south of Ince Castle, Entoniis and Styliola- occur 
in purple and greenish slates. 

Ihe traces of Entomis are as a rule obscure, and seldom 
^ecifically identifiable. Professor Rupert Jones identified 
Entomis serrato striata (Sandb.) and E. gyrata (Richter) in 
specimens of greenish-grey slates obtained at Thancke's Lake, 
near Torpoint. Similar fossils have been found in purple- 
red slates by the coast toward Torpoint, and by the road 
110 yards west of Thancke's House. Entomis serratostriata 
was also identified by Mr. E. T. Newton, in purple-red slates, 
in which numerous traces of these cyprids were found some 
years ago, in a small quarry near the road to Botus Fleming, 
lust north of Carkeel. The slates ate here intersected by an 
intrusive band of sheared diabase. Entomis serratostriata and 
Styliolu were found in purple, red, and ereen slates east-south- 
east and south-south-east of Markwell, between the rivers 
Tiddy and Lynher. 

In the green and purple slates of Antony Park EntanUs 
resembling serratostriata was obtained; and, in similar 
slates, by Forder Lake near Antony Passage markings 
suggestive of Entomis variostriata (Clarke) were observed. 

Between Markwell and Ince Castle Entomis was noted, in 
tough grey and buff slates by the creek near Wivelscombe 
Quarry, at 110 yards north-west of the wooden t^ilway bridge 
(G.W.R.) ; by the Lynher, near Grove, in purple slates ; with 
Styliola in purple and greenish slates near a farm called 
Dobbins, at about half a mile east of Grove. 

Styliola was observed in dark grey slates exposed in the 
G.W.R. cutting on the west bank of the Lynher, also (with 
Posidonomya venusta (Mtinst.)) in dark slates in the quarry in 
Craigs Wood, St. Germans Park, at more than half a mile 
north of Port Eliot. 

In grey slates in Treskelly quarry, on the north 
border of the St. Germans schalstein near its western 
termination StylioloR are abundant. Entomis and Styliola 
occur in greenish slates in Bake Bottom at about 660 
yards to the south of Trerule Fort; also in greenish 
slates at Tideford neaT the National School, and in other places 
near Tideford. At Hay north of Tilland, the farm east of 
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Trehunist (south-east of Quethiock) not named on the map, 
markings resembling Styliola, and remains of trilobites were 
noticed in dark grey buif-weathered slates. 

On the north of Dannett Wood at Dannett Farm, shown but 
not named on the map, tough yellowish-brown rock, probably 
resulting from the decomposition of dark calcareous slates or 
mudstones, contains numerous traces of small fossils amongst 
which Styliola was recognised. 

Specimens collected by Mr. Fox from Boseland quarry 
contain numerous traces of Styliola, 

Purple and green slates exposed by the road south of 
Trenodden at 200 yards from Doddy cross contain numerous 
examples of Entomis and Styliola, 

By the same road south of Trehawke and east of Trehurst 
(the large farm near Coldrenick, shown but not named on 
the map) near Padderbury, in grey, purple, and greenish 
slates Entomis and Styliola abound. Part of a zaphrentoid coral 
was also found. South of the above grey slates are exposed in a 
large quarry by the high road, north of Catchfrench, in which 
numerous traces of Styliola occur. 

There is a farm called Trehill, shown but not named on the 
map, south of Polborder (south of St. Mellion). On the west 
of this farm, in green slates or mudstones, a small mass of 
Entomis remains was found. The Upper Devonian slates here 
form an inlier in the Culm Measures and locally exhibit purple 
colours, as also on the south and west of Vinegar Hill, near 
Painters Cross. Near Weir Point on the Tamar Entomis 
(probably serratostriata) was noticed in purple and green 
slates. 

On the Devon side of the Tamar, numerous obscure traces of 
Entomis have been met with in greenish slates or mudstones 
by the road from Tamerton Foliott to St. Budeaux, near some 
cottages called Penwell Cottages on the six-inch map. Styliola 
occurs in grey slates in the vicinity of the grits of EfEord in 
the village of Compton near the border of the adjacent map 
(349), but no fossils have been discovered in the purple and 
green or dark grey slates of Devonport Stoke and Mutley. 
By the Tamerton Creek west of Budshead, dark grey slates 
with Styliola contain bands and lenticles of limestone, the latter 
frequently decomposed to brown earthy residues. To the north 
of Tamerton Creek the slates are for the most part pale grey 
and greenish, rarely if ever reddish. 

Near New Park on the Tamar, Spirifer vemeuili Murch. 
and markings resembling Entomis were found in greenish 
slaty mudstones. 

Spirifers of the same species were seen in grey and greenish 
slates on either side of the Tavy above Beer Town, and near 
the boat-house in Blaxton Wood. 

Spirifer and Rhynchonella were noticed in similar slates in a 
quarry near the S.W.R. due east of Weir Quay. A lenlicle of 
hard pale-coloured crinoidal limestone, half an inch thick, 
was observed in the slates to the south of a small mass of 
intrusive igneous rock in the railway cutting near Furzehill, at 
about three-quarters of a mile south of Beer Alston Station. 

W90 G 
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Spirifers were noticed in grey and greenish slates and mud- 
stones by the Tamar near Hole's Hole. 

The slates in this part of the district resemble those of Dela- 
bole and Tintagel. Although it may be an accidental cir- 
cumstance, it is curious that Spirifer vemeuili should occur 
in similar slates at Delabole and at Holne Bridge, and in 
similar mudstones at Druid near Ashburton and elsewhere, 
and rather suggestive of a higher stage in the Upper Devonian 
than any thine within the area of vulcanicity. At Thorn Point 
and near Hole's Hole, beds of fine-grained greenish grit are 
intercalated with the slates. 

On the north border of the map at a quarter of a mile west 
of Fursdon (long. 4° 14' 30") there is a large disused quarry 
exposing about 100 feet of dark grey and greenish tipper 
Devonian slates. The planes dip south at a high angle. The 
slates seem, from tufa on the quarry face, to be partly cal- 
careous. No fossils were found, but as the search for Styliolce 
and Entoinis demands considerable time, this is no proof of 
their absence. Although the recognisable preservation of 
these small organisms is exceptional, I have no doubt whatever 
that with unlimited time at one's disposal the localities in 
which they occur could be very largely multiplied. 

T'he Wearde-Efford Type. 

The absence of volcanic rocks in the districts north of St. 
Budeaux and Saltash, and their development south and west 
of these places, in a plicated series of rocks in which the 
relative distribution of the grey and variegated slates 
has no very definite stratigrapliical value, seems to be ex- 
plainable only by the localisation of the area of 
vulcanicity. For, were it otherwise (unless they belonged 
to an overlying and unconformable group), we should 
expect to find the volcanic rocks repeated in, or on the north 
side of, the Botus Fleming and Landulph anticline. This con- 
sideration must be taken into account in describing the remark- 
able occurrences of even-bedded grit, or grej'wacke, at Weardc 
and other places in the volcanic districts, and at Compton, 
Etl'ord, and Crabtree within the western boundarv of the 
adjacent map (Sheet 349). I believe the rocks in the latter 
district were described as tuffs by Worth in 1886,^ as he 
remarks : ** Indeed, the Crabtree tuff is at times very decep- 
tively like sandstone.'' These grits were taken as Middle 
Culm-rocks, in view of the fact that petrological exajnination 
did not warrant their description as tuffs, and owing to their 
strong resemblance to the Culm Measure grits of St. Mellion 
and elsewhere.^ Prior to the petrological examination of speci- 
mens from Efford and Wearde by Professor Watts in 1895, 
I had regarded these greywackes as siliceous tuffs con- 
temporaneous with the Upper Devonian slates and volcanic 
rocks amongst which they occur. 

^ ' The Rooks of Plymouth,' Traw,^. Plymouth Instit. 

2 Instit. Minin/f Engineers^ Sept., 1900, and Proc. Somerset Areha-ol. and Nat. 
Hist. flf7r., 1900, vol. xlvi. 
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The question as to the age of these rocks is complicated by 
the occurrence of chert bands interstratified with the vesicular 
igneous rocks of the coast section in one place between Wearde 
Quay and Saltash, at about 100 yards north of Henn Point 
(Plate II.) The interbedded cherts terminate abruptly against 
igneous rock and, until a recent visit to the section with 
Dr. Flett, I considered them as part of an overlying inter- 
bedded series of Lower Cidm chert and lava let down bv fault. 

The vesicular igneous rocks here and at Devonport Work- 
house Quarry (Fig. 15, p. 92)), where chert is also present 
amongst the in-rolled interstitial sediment, exhibit characteris- 
tic pillow structure, and detached pUlows with concentric 
lines of steam cavities are found in the neighbouring slates. 

Dr. Flett remarks, after making an examination of micro- 
scopic sections of the cherts associated with the pillow lavas : 
** Several of these cherts show small, pale, rounded spots which 
have dark centres and are exceedingly like radiolaria, but 
under the microscope no structure is discernible in these spots 
which woidd enable us to say with certainty they are radio- 
larian. They seem to be clusters of minute grains of dolomite. 
It is a very critical point, so I took an opportunity of con- 
sulting Dr. G. J. Hinae. He agrees with me that the naked eye 
appearances are exactly those of radiolarian cherts, but the 
microscopic characters do not confirm this.' There are also 
three sliaes of chert from Forder Lake in the Survev collection. 
None of these show any organisms. It is interesting 
to observe, however, that they are all true cherts, not 
baked shales, and that they do not seem to have been 
formed from the silicification of limestones. The Culm 
cherts from this Sheet [348] have a quite distinct character 
from those above mentioned." 

These associations of chert with pillow lavas recall those so 
well described by Messrs. Peach and Home in the diabase lava 
of the Arenig rocks near Ballintrae and Downan.^ Although 
the occurrence of chert in association with pillow lavas is by 
no means unusual, in this case it complicates the evidence, as 
chert with radiolaria ascribed to the Lower Culm has been 
identified by Messrs. Fox and Hinde in the volcanic rocks at 
Tavistock, and because fragments of chert in which no 
organisms could be found occur in rocks of the Wearde grey- 
wacke type near St. Emey. 

If, therefore, the Wearde greywackes are, as I think, a 
local phase in the deposition of Upper Devonian sediments 
in an area of vulcanicity, the chert and associated lavas must 
also be Upper Devonian ; but if the latter were shown by the 
discovery of Culm radiolaria to be of that age, most, if not all, 
of the contemporaneous volcanic rocks between Saltash and 
Liskeard would be Devono-carboniferous, of the same age as 
the volcanic rocks of Tavistock but not connected with them. 
In advocating the Upper Devonian age of these grits, the 

1 ♦The Silurian Rocks of Britain,' toL i. {Mem. Geol. Surrey), pp. 40, 431, 
&c., plates i., ii., iv., t., vi. 

g2 



84 DEVOKIAIf. 

evidence is bo finely balanced tliat I tliink no apology is 
necessarv for having entertained and published the contrary 
view. The greywacke beds extend in a connected mass from 
Wearde Quay westward for half a mile, being well exposed 
in the railway cutting, in an adjacent quarry, and at Defiance 
Quay quarry where they overlie diabase. Toward Forder 
they cannot be persistently traced, but are seen near the pro- 
terobase masses on either side of the creek. From here to 
Trebun they are apparently' represented by occasional beds inter- 
calated in the slates. 

At Burraton Combe north of Trematon Castle even beds of 
ru.sty-wesitheied rather fine-graiued greywacke are visible at 
the entrance to a quarry iii dolerite, described by J. A. 
Phillips' as — without hornblemle, with ilmenite much altered, 
aud with needles of apatite, llie relations of the small patch 
of greywacke to the dolerite are probably faulted. The grey- 
wacke beds are next encountered nt a mile and a half west of 
Burraton Coouibe, where they form with interbedded dark 
slates or shales the apparent westerly continuation of a spur 
of igneous rock to the L;-nher bank opposite Poldrissick Quay, 
not far from the proterebase of Treluggan Wood described by 
Worlh.^ Between Bagmill and (,'umble Tor, a little north of 
their last mentioned appearance, hard beds of grit and grey- 
wacke intercalated with dark slate or shale occur on (he east 
bank of tlie river, and are also present on the west bank south 
of I'oldrissick, whence they continue, evidenced by surface 
fragments, on the north of Treluggan to Trewint near St. 

Fid. 11. — By the Lynher, South of Hoiieij' QiMrry. 




Erney, where they are apparently thinning out westward 
through plication or im persistence. In the lane between 
Trewint and St. Erney, the coarse specimen was obtained 
with fragments of chert. To return to the Lynher bank, 
north of Poldrissick, the grits and greywacke beefs are visible 
here and there so intermingled with slates and igneous 
rocks that it i,'; not pos.sible to treat them as a separate series. 
By Iho shore south of Honey's Quarry the interbedded shales 



rPPEE DEVONIAN. 85 

and greywacke are beautifully contorted (i'ig. ll.J, and this 
indeed is the case wherever they are well exposed in mass. 
The igneous rocks north of Poldrissick are chieHy vesicular 
spilites. 

J. A. Phillips^ describes a quarry at Cumble Tor in fine- 
grained dolerite, in which the felspar is to a large extent 
unaltered, and augite not abundant, sometimes stained by 
iron oxide, while the titaniferous magnetite is replaced by the 
usual light-coloured subetance. In the quarry are patches of 
rock "decomposed into a soft yellowish-grey freestone ; sections 
cut from such specimens are found to consist chiefly of a 
colourless granular material in which, although shadowy out- 
lines of felspar are sometimes visible, the crystals of that 
material have generally disappeared. Throughout this are 
disseminated a few small patches of green hornblende, a little 
viridite," and some of the grey dust-like material like that 
resulting from the decomposition of augite. A succession is 

?iven in ascending scale of slate, dolerite, slate, vesicular 
ava, slate. The freestone in the above description is some- 
what suggestive of the presence of the greywacke type. 

In the same locality south of Cumble Tor Wood a little 
** fine grey chert without trace of organic structures or of 
contact eifects was found in fine-grained highly vesicular and 
extremely decomposed basic igneous rock.''^ 

From St. Erney westward no further evidence of greywacke 
is to be found along the direction of their occurrence between 
Wearde Quay and 8t. Erney, but the type is again encountered 
on either siae of the River Tiddy at Padderda Wood, about 
three miles from St. Erney in a north-westerly direction. 

On the north margin of Padderda Wood fine-grained hard 
blue grit or greywacke weathering brown, and in part banded, 
is exposed. On crossing the stream hard very fine grit seems 
to be present. The siliceous rocks are associated with dark 
slates and volcanic rocks. The type cannot be separated from 
these materials. 

Specimens obtained from Padderda Wood are thus described 
by Dr. Flett : " Fine sheared felspathic erit or greywacke. 
From the abundance of felspar and particularly of plagio- 
clase in well shaped crystals, there is reason to suspect that 
this rock contains igneous material. It is not clear, however, 
whether it was a tutf or a grit with fragments of older igneous 
rocks. It contains also much chlorite and iron oxide and 
comparatively little quartz. The felspars are sometimes idio- 
morphic, and though much broken do not resemble worn 
derivative materials." 

Of another specimen from the same locality. Dr. Flett 
reports as follows : — " This is a volcanic rock which has been 
considerably sheared so that its original structure is greatly 
modified, and there is some doubt whether it was a tuff, a 
breccia, or a crystalline massive rock. It contains very 

2 Note by Dr. Flett. 
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many plagioclase felspars, often broken, but not uncommonly 
still so idiomorpliic that they are not worn fragments. They 
lie in a fine streaky sheared groundmass, which may have 
been the matrix of a porphyritic andesite or basalt, or the 
finer material between the lapilli in a tuff. It is in many 
places full of microlithic felspars but varies greatly and 
irregularly in character, so that it seems most probable that 
the original rock was not crystalline but fragmental, and the 
appearance of the hand specimen favours this view. More- 
over, here and there a grain of rounded quartz may be 
detected, and this supports the theory that this is a tuff or 
breccia. Chlorite and limonite are abundant.'* 

At half a mile north of Padderda Wood and five-eighths 
of a mile west of PenpoU, the presence of coarse-grained 
greywacke, partly conglomeratic, is attested by surface frag- 
ments, which seem to be the easterly termination on the 
summit of a volcanic rock which crosses the road between 
Tilland and Trehunist in two places north-east of Coombe. 
Greywacke bands may occur in the slates crossing this road at 
half a mile south-east of Trehunist ; in the grey slates of the 
vicinity there are banded rocks. 

The last indication of the Wearde type is furnished by a 
few surface stones of greywacke with slate and volcanic stones 
above Trenant Wood on the west side of the river Tiddy, just 
above Hepwell Bridge, at a mile and a quarter from Padderda 
Wood. 

The best exposures of the type are at Wearde. In a quarry 
by the road on the north of tne railway over 20 feet of hard 
rather even-bedded grit and greywacke is exposed, in beds of 
from G inches to 2^ feet in thickness, separated in many places 
by grey shales with harder ferruginous sandy seams. In the 
west part of the quarry two or three ovoid patches of softer 
material are visible; one of these is two feet long and one 
deep. In another a thin white cherty seam was noticed. In 
the east part of the quarry the upper beds display a rather 
coarser grain, and occasionally contain fragments of chert, 
the rock is here intersected by a small fault. The beds are 
nearly on their strike in the quarry, but in the cutting on the 
west side of the bridge over the railway are seen to be 
extremely contoi-ted. A few yards east of the bridge a fault 
crosses the cutting throwing the greywacke against an anticline 
of greywacke upon dark slaty rock with brown interbanding, 
in nodular looking beds averaging about an inch in thickness 
(Fig, 12). Those slaty beds speedily disappear, and for the 
remaining hundred yards or so to the termination of the cutting 
the even-bedded greywackes with occasional dark shaly partings 
are seen to be sharply bent in a syncline speedily counteracted 
by an anticline, but between this and their outcrop there 
is a syncline not shown in the railway which it crosses just 
beyond the termination of the cutting. 

On the west side of the bridge the contortions in the grey- 
wacke, probably owing to a nearer coincidence with the strike, 
are impossible to follow out; dark slaty mudstone is involved, 
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either intercalated in, or just nnder, the grev- 
wacke, in cloae prosimity to an irregular pro- 
cess of intrusive igneous rock probably con- 
nected with the diabase in Defiance (Juay 
quarry below. In this mudstone patches iif ii 
carious cindery aspect occur; these Dr. Flett, 
in a visit to the section in 1904, proved to be 
sections of volcanic bombs. This discovery 
connects the Wearde greywackes still more 
closely with the volcanic episode, as they can- 
not be regarded as a separate series from the 
mudstone with the bomb bed. At Defiance 
Quay, through a small enclosed lawn we obtain 
access to the diabase quarry (Fig. l-t). Here 
the massive diabase' (D) overlain by Wearde 
greywacke and mudstone (Mm) is faulted on 
the east against greywacke and mudstone con- 
taining the bomb bed (b). On the west the 
bomb bed is also visible overlying hard baked 
rock which is probably separated from the 
diabase by a concealed fault. 

The diabase here seems to have been a luccu- 
litic intrusion, from which the irregular igne- 
ous rock seen in the cutting above proceeded. 
A specimen of the diabase sent to Professor 
Watts was pronounced bv liim to be ' a decom- 
posed ophitic dolerite now a diabase.' 

The line from St. Eruey to Wearde Qjay 
prolonged eastward affords no evidence of the 
presence of rocks of the Wearde type until we 
reach the eastern border of the map where, on 
the south margin of the volcanic rock near 
Emmanuel Church in Mannameadj there in 
Bome slight evidence of the presence of ferru- 
ginous Drown-stained greywacke a.-sociated 
with slate and volcanic bands, and this hori/on 
followed east across the border of the map into 
Sheet 349, gave ample evidence of the grits and greywackes 
in the lane cutting south of Lower f 'ompton village, where they 
occur in association with dark slates <in the south side uf the 
vesicular volcanic rock. 

Professor Watts examined specimens of the greywacke from 
Efford (in Sheet 349) and from the quarry near Wearde Quay. 
He classed them all as "greywacke grits generally white or 
pale in colour varying in coarseness and weathering brown." 
He described one specimen from Efford particularly, the rest 
being briefly alluded to with reference fo it. This specimen 
(Slide No. 2136), he says, " is made of angular grains of quartz 
with equal quantities of orthoclase and plaeioclase. The 
quartz grains are often strained as if they had been derived 
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from the denudatiou of gneisose or schistose rocks. There are 
also angular fragments of many rocks such as felsite, andesite, 
and micropogmatite as though the denudation of a volcanic 
series had also contributed fragments. Magnetite and sphen© 
— the latter included in quartz, are frequent. I have not 
been able to detect any vesicular lapiUi in this specimen or 
any of the others sliced, so that the term volcanic ash or tuff 
seems inappropriate to tke specimens examined. Grit or 
volcanic-gril would be better terms. The rock has been 
crushed, and pale and brown micas have been developed along 
the crushing planes." Kix specimens not sliced, from the 
same locality, " look more a.shy in hand specimens," one " con- 
tains the clay galls so common in ashes," and another " contains 
aihy material bande<l with slate." The Wearde specimens were 
not sliced. Two of these "are nearly quartzites in appearance 
and do not seem ashy." Three " are more a-shy looking." Two 



Fig. 13. — Diagram of qxutrry at Define 







" have ashy looking layers banded with slate. Some of the 
specimens show large fragments of slates." When m^ped in 
1893 these rocks were noted as tuii's in ignorance of Worth's 
long previously expressed opinion' regarding the g^reywackes 
of Compton and Crabtree. Dr. Teall (in 189tS) described speci- 
mens of the greywacke from Forder Creek and from Wearde 
quarry. On the east side of the creek there is a large quarry 
in proterobase. This is the rock referred to under the locality 
Wearde by J. A. Phillips.' 

In the same quarry are intensely hard mudstones and de- 
composed well bedded brown rocks, highly inclined, and 
apparently contorted with the igneous rock, which is appar- 
ently irregularly intrusive, Near the quarry on the south ol 
the proterobase there is a massive brown broken rock of the 
Wearde type, A little further south an impersistent bluisk 
cherty band half an inch thick occurs in dark slates with 
occasional arenaceous films. Near this, a chert band was seen 

[. <18B7), pp. 4SS, 486. 
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in dull green fine-grained volcanic rock which is associated 
with " an amygdaloidal diabase porphyrite " considered by 
Dr. Teall to be ** a lava from its structure." No organisms 
were found in the chert.^ Near this rocks of Wearde type 
again occur, and on the north the largest mass of vesicular 
andesite, prolonged westward from the coast south of Saltash, 
is met with. 

A sliced greywacke specimen from the proterobase quarry is 
described by Dr. Teall as : — '' A greywacke composed of quartz, 
plagioclase, and apparently fragments of a felsitic igneous rock 
(abundant). It undoubtedly contains igneous fragments which 
are either lapilli or portions derived from igneous rocks in 
the ordinary process of denudation." 

A specimen of greywacke from the west bank of the Lyn- 
her, north of Poldrissick, is thus described by Dr. Flett: 
" This rock is apparently an impure, highly felspathic grit. 
It contains rounded clastic grains of quartz, but felspar pre- 
ponderates, and is both orthoclase and plagioclase, much 
weathered. Micas, chlorite, limonite, calcite, and iron ores 
make up the rest of the rock." 

The allusions to, and descriptions of, igneous rocks in the 
vicinity of the occurrences of greywacke may appear involved 
and out of place, but they are necessary in order to show the 
intimate connection that exists in the field between these 
rocks and the volcanic rocks, which is very much more sug- 
gestive of contemporaneous than of long subsequent forma- 
tion. 

It is worthy of remark that the greywackes of Wearde, 
if prolonged eastward across the Tamar, would be continued 
in the district between Bull Point and Camelshead Bridge, 
where, as already mentioned, a sheared igneous breccia occurs. 
Worth mentions three narrow dykes or bands, perhaps repeti- 
tions of the same rock, in this cuttine (between the Saltash 
Boad and Westonmill Lake), in which the prevalent colour 
of the rocks is " ochry-drab or brown." These igneous rocks 
when examined microscopically " turn out in the main to be 
ashes tather than tuffs, highly altered, but still retaining 
shadowy features of their original fragmental structure, with 
wavy and imperistent brown strings running laterally through 
them^ giving the appearance of fluxion. In parts they en- 
close small slaty patches, a characteristic of some tuffs at 
Crabtree, near Plymouth." ^ 

He also notices here two varieties which I can match in 
specimens from the Efford rocks. One of these " may be 
described as a granular schistose tuff — the distinctly frag- 
mental matters in which are disposed between irregular plates 
or films of talcose matter, some of which has a greenish hue, 
and is translucent. Yet another fragmental form is an 
agglomerate — small bits of rock, some pebbly, some flat, but 
all with the edges more or less roundeil in a friable base." 

* Chert was also detected in the dark slates penetrated bv intrusive rocks 
in Antony Passage railway cutting and near Trematon Castle. 
Trans. Devon Assod vol, xxi. (1889), p. 282. 
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The coarser rock containing chert fragments near St. Emey, 
and rocks near Lower Compton answer to the description 
of the last named. The fine-banded intercalations of fels- 
pathic-lool^ing materials with dark argillaceous films fre- 
quently met with in the Wearde and Efford greywackes are 
easily explainable on the theory of intermittent showers of 
fine ash successively silted over. Either as ash or dis- 
membered felstones, varying in coarseness and sifted and 
arranged in layers by the currents produced by the agitation 
consequent on small submarine eruptions, the greywacke tyj)e 
may be accounted for more naturally than by assuming their 
derivation from older rocks by denudation, of which in their 
arrangement and distribution there does not appear to be 
one particle of proof. Bands of fine ashy material crossing the 
cleavage of the dark slates have been noticed on the shores of 
Westonmill Creek, opposite Xob Quay, but no hard greywacke 
is to be seen. 

Igneous Rocks in the Upper Devonian. 

These, whether contemporaneous or intrusive, comprise by 
far the largest class in the map, and include schalstein tuffs 
and lavas, andesitic basalts of various types, dolerites, pro- 
terobases, picrites, and diabases, as well as numerous examples 
of rocks which have been so completely changed in character 
that no clue to their original structure is to be obtained. 
To the latter class J. A. Phillips calls special attention, citing 
the intrusive rock in the Carkeel quarries as an example 
(0^. cit. pp. 490, 493). The contemporaneous association of 
the basalts, breccias, and tuffs is nowhere better shown than in 
the railway cuttings and on the coast between Wearde Quay 
and Saltash. The intrusive character of the dolerites is well 
displayed by the proterobase in Antony Passage railway cut- 
ting, in the South Western Eailway cutting north of the 
Albert Bridge and bv the adjacent shore of the Tamar. 

As regards the indication of the igneous rocks on the map 
a few remarks are necessary. Where a continuous mass of 
volcanic rocks occupying a considerable area is shown — as east 
of Bull Point and between Burraton Coombe, Trehan, Tre- 
vollard, and Trematon — it must not for a moment be inferred 
that these represent the continuous extension of a sheet or 
sheets of tuff or lava. On the contrary they indicate occur- 
rences of volcanic rocks in the slates in plicated bands or 
impersistent seams, so badly evidenced on the surface that 
it IS impossible to map them separate or to show them at all 
without enclosing them by a general line within which in 
some cases slates very largely predominate. 

Several small patches of igneous rock (hafd diabase) are 
shown near Treworgey, north of Liskeard. Some of these 
are based on the presence of boulders only. Near the northern 
botder of the map where homstones or rocks approaching 
that character occur it is impossible to separate those which 
may be altered igneous rocks, and this is often the case where 
rocks of this type occur within the .granite aureoles elsewhere. 
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The distribution of the volcanic rocks brings out in a marked 
manner the plicated repetition of the slates in which they 
occur, and also their localization. They do not represent one 
continuous emission, but several, perhaps from local vents 
here and there along their extension, and although it is 
possible that some patches may be of earlier date than others, 
there is nothing in their occurrence to render this certain. 

Even if the purple and green slates occupy a more definite 
geological horizon than we are inclined to assign to them, 
the occurrence of volcanic rocks in them between Notter and 
Brighter, or elsewhere, is easily explainable by local protrac- 
tion of eruptions. 

As regards the tntnisive greenstones there is every reason 
to conclude that these are mainly ancient dolerites, as advo- 
cated by Phillips, and that they were intruded before the 
post-Carboniferous movements. The evidences of stress and 
shear planes in the Clicker Tor picrite as shown in Menheniot 
Station cutting, and the tendency to a rude contortion dis- 
played in quarries by Forder Creek bear this view out. 

It is difficult to dissociate these intrusive masses from the 
occurrences of volcanic rock in their vicinity, and it seems 
not unnatural to suppose that, in some cases at least, they 
were connected with the eruptions as necks or feeders, and 
the basalts themselves may m places be similarly intrusive. 

Intrusive felsites or elvans continuing the line of Robor- 
ough Down rock westward enter this map at latitude 5(P 28', 
and appear here and there at the surface, on the 
north margin of South Wood, near Lop well, near Colly- 
town, and crossing the South Western Railway at about three- 
quarters of a mile south of Beer Alston. These rocks belong 
to the class of elvans and are, with the probable exception of 
the Withnoe and Cawsand felsites, the most recent intrusive 
rocks in the map. 

CorUemjmraneous. — As we proceed from Wearde Quay to 
Saltash the grey slates soon become associated with igneous 
rocks, a mass of volcanic breccia being first encountered, 
then larffe bombs or small detached pillows of vesicular basalt 
in the slates; further on, at Henn Point, masses of basalt 
alternate or are repeated in the slates. At a short distance 
north of Henn Point thin bands of volcanic rock, displaying a 
gentle anticlinal structure, were seen to cross the highly in- 
clined cleavage of the slates. Further on we encounter the 
mass of vesicular basalt with marked fluxion structure, in 
which the bands of chert already referred to are in one spot 
intercalated. This mass is separated by slate from vesicular 
basalt forming the seaward termination of the large mass 
which extends westward by St. Stephens to the head of 
Forder Creek. In the railway cutting this mass is split up 
into three, separate<l by grey and dull green slates. The 
junctions are not sufficiently clear to tell whether this is due 
to repetition by plication or to intercalation. Further north 
a little igneous rock, which is not seen in the railway cutting, 
is shown in the coast. On crossing; the viaduct traces of 
igneous rock are again encountered m the slat^^, \s^ iV^ ^^t^ 



92 DETONtAN. 

just south of Albert Cottage, Saltash. Here tlie igDCOus 
rock crosses the cleavage of the slates, and displays the 
character of vesicular bombs or detached pillows, and of tufE 
with hard grey rock and chert. The rocks of Hean Point 
are well shown in the railway cutting, in which the pillow 
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structure is very apparent (Plate II., p. 83). Faults or thrusts 
traverse the section in three places, and a green ashy band 
a foot thick, with white lapilli and slate fragmenis (T), occurs 
in the slates on the left (Fig. 14). The andesitic basalt here 
exhibits concentric vesicularity. 

On the shore of WestonmiU Creek, at about 100 yatds 
south of Weston Mill, vesicular basalt exhibits an irregularlv 
mammilated or pillow-like junction with the slates which 
separate it from a smaller mass on the south. The latter is 
succeeded by grey slates overlain by tuffs, faulted against 
purple and green slates opposite \ob Quay. 

The large mass at Ford and the smaller mass on the north- 
east of it, near Devonport Workhouse, evidently belong to 
the same series of tuffs and pillow lavas. The rock in Devon- 
port Workhouse Quarry contains infolded patches of slate, 
and occasionally of chert (c c), and exhibits an irregular pil- 

Fiu. 1 5. — Devonport Wwk/imtse Quarry. 
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low-like junction with the overlying slates near the entrance 
to the quariy. In the lower part of the slates detached pillows 
of the lava {p p) may be detected. The junction on the other 
side is much more abrupt, conveying the idea of an anticline of 
the igneous rock. 

Sheared greenish vesicular andesitic basalt occurs in grey 
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slates at Weston Mill, and on tlie north is a large mass 
chiefly composed of tuffs with slate fragments and whitish 
vesicular lapilli, of the same character as the one-foot band 
in the railway cutting west of Henn Point and the breccia 
on the coast. 

Intrusive, — A small patch of dolerite occurs at Merrymeet 
which has been described by Phillips^ under the pseudonym 
Merrifield. Phillips also describes a proterobase at Pope's 
Mill, in the Seaton valley, between Liskeard and Menheniot, 
and a small patch of dolerite intrusive in purple and green 
slates near Hatt. The well known examples of proterobase at 
Wearde — a pseudonym for Forder Lake Quarry — and at Grove 
have been described by Phillips and Dr. Teall ; Emesettle, 
Treluggan, &c., by Worth. The following specimens of protero- 
base occur among the Geological Survey slides : — Kailway cut- 
ting at Antony Passage, and near Passage Point (slides 2,141, 
2,142, 2,143), described by Prof. Watts. The following were 
examined by Dr. Flett : — Grove (slide No. 4,323 on the east 
bank of the Lynher, slide No. 4,324 on the west bank of the 
Lynher). North-east of Padderbury in a dyke or sill (slide 
No. 4,325), Trehunsey Bridge (slide No. 4,328). South-west 
of Cartuther (slide No. 4,331). North of Cartuther Mill 
(slides No. 4,332 and 4,333); Pope's Mill is further north. 
Boulders in wood south of Glenlea (slide No. 4,334). 

The picrite of Clicker Tor has been described by Dr. Teall. 
Boulders between here and Menheniot by Professor Bonney.* 
To these is now added a beautiful example from the vicinity 
of Crifile Mill, south-west of Molenick, described by Dr. 
Flett (slide No. 4,329). 

Examples of dolentes from Broomhill Grove and Tomboy 
Hill in Antony Park (slides 2,145, 2,146), and from Looking 
Glass, near Torpoint (slide No. 2,147) have been examined by 
Prof. Watts. 

Examples of diabase from Burraton Combe Quarry (slide 
4,326) and from Poldrissick by the Lynher (4,327) have been 
examined by Dr. Flett. 

The elvans belong to the same class as that of Grenofen in 
Sheet 338, south of Tavistock — quartz porphyry (slide No. 
3,695) described by Dr. Flett — and the Roborough elvans 
noted by Wortli,^ and have their counterparts in the elvan 
dvkes south of St. Austell, in Sheet 347. 

The contemporaneous felsites east of Bull Point have 
already been described. 

Veins of an intrusive, dull-green, dense igneous rock were 
detected at North Hooe, by the Tamar, on the Devon side, 
near the north margin of 348 to the west of Whitsom (slide 
No. 4,337), and also on the opposite bank. These are regarded 
by Dr. Flett as decomposed lamprophyres (minettes ?) con- 
taining corroded quartz xenocrysts, as is frequently the case 
in Cornish rocks of this group. Specimens were collected by 
Mr. T. C. Hall from exposures at 100 and 120 yards north of 
the Ferry on the Devon shore. 

1 Op. cit., p. 488. 

' Journ. Min. Soc, vol. viii., 1888, p. 108. 

« Trans, Devon. Amo,, vol. xix., IW, v^. ^\, AKI, V^, VW>* 
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In the South Western Railway cutting just near the north- 
ern border of the map a greenish amygdaloidal took, with 
siliceous matter in the amygdules, is exposed. Worth re- 
garded it as a lava.^ It seems to extend for a short distance 
westward from the cutting, but cannot be traced eastward; 
if a lava its position is remarkably isolated, unless we assume 
that it belonged to a series elsewhere removed by denudation 
prior to the deposition of the Culm greywacke, of which there 
IS an outlier near it in the adjacent map 'VM on the north. Due 
west of this, in the valley west of Fursdon, decomposed igneous 
rock occurs near the Culm and Devonian boundary. Further 
south, in the railway cutting east of Whitsom, a decomposed 
igneous ixDck with a tendency to spheroidal structure is seen to 
be irregularly intrusive in the Upper Devonian slates. This is 
probably the lamprophyre mentioned by Worth.^ 

Petrography of the Igneous Eocks. 

By Dr. J. S. Flett. 

The Upper Devonian volcanic rocks (lavas) of this sheet 
have a close similarity to those already described from the 
Middle Devonian, but are more varied, and in some cases 
better preserved. They are all, however, a good deal decom- 
posed, and, while their felspars are often fresh and clear, their 
ferromagnesian minerals are represented only by secondary 
products, especially chlorite. These rocks are very frequently 
vesicular, containing numerous amygdules of calcite, which ap- 

g?ar as white spots in a green or greyish-green matrix (Fig. '3, 
1. 4j. Most of them show no phenocrysts in the hand speci- 
mens, though a few are vLsibly porphyritic with large crystals 
of idiomorphic felspar. Nearly all are sheared, though in 
different degrees ; the more vesicular have their steam cavities 
flattened into thin lenticles, and attain a schistose character; 
the more massive show the effects of deformation better 
under the microscope than to the naked eye. Only a very 
few specimens in the collection are in a purely massive con- 
dition. 

Schal steins. — Many of these rocks in their sheared state, 
their abundant calcite and chlorite, and their satiny lustre on 
the cleavage surfaces, correspond in all respects to the schal- 
steins of German petrographers. Some of them are undoubted 
tuft's (Fig. 2, PI. 4), with original fragmental structure quite 
evident ; but the more vesicular lavas, under the pressures to 
which they have been subjected may break up into fine brec- 
cias, which are very hard to separate from true pyroclastic 
rocks. The distinction is often of no great importance, as 
in any case they were a contemporaneous interbedded series. 
In some of these finer schalsteins the decomposition is very 
advanced, and all that can be made out in the microscopic 
sections is that flattened lenticles of calcite lie scattered 
through a matrix of chlorite, secondary quartz, iron oxides, 

» Tram. Devon. Assoc, vol. xxi., 1889,p. 275. 
* Ihid,^ vol., xxi., 1889, p. 275. 
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and residual felspar. This matrix may be liigLly sheared, 
approaehine to a cale-chlorite schist or may still retain indi- 
cations of having once been a tine-grained igneous rock. 

SpUiie, — The majority of the specimens, however, are in 
better preservation than this, and may be described as corre- 
sponding exactly to the dmbas-vfumdelstein 'and spilite group 
of basic lavas, as defined by Zirkel and by Rosenbusch. They 
are fine grained, usually very vesicular rocks, without con- 
spicuous phenocrysts. The microscope shows that their only 
fresh original mineral is plagioclase felspar. Ic takes the 
form of long narrow prisms, which are often irregular, and 
may be pointed at their terminations, but very frequently 
yield sharply rectangular sections which may be ten times 
as long as broad and contain small devitrified enclosures. 
These little felspars have often a most perfect fluidal arrange- 
ment, forming winding streams in a dark ffroundmass, and 
curving round the globular steam cavities. They are usually 
simply or repeatedly twinned, and from their low angles of 
symmetrical extinction and low refractive index obviously 
consist of oligoclase and albite-oligoclase. 

No olivine is present in any of these rocks, and the micro- 
scopic appearances are opposed to the belief that this mineral 
was formerly present. They must, however, have contained 
augite, though now it is entirely decomposed. It cannot have 
formed large idiomorphic crystals but only small grains in 
the groundmass. Chlorite, quartz, and calcite represent it. 
The groundmass also is filled with these minerals, but must 
have been in some measure vitreous, at least in the finer- 
grained rocks. Crystals of ilmenite weathering to leucoxene 
are common, but apatite is not frequently seen in the slides. 

Many of the specimens contain small phenocrysts of plagio- 
clase felspar, not differing in composition apparently from 
those of the groundmass, but yielding good rectangular sec- 
tions while the latter are frequently acicular, or microlithic. 
These felspars contain many squarish enclosures, formerly 
glassy, but now entirely devitrified and decomposed. Where 
the rocks have been crushed their sections are often broken, 
the severed parts being slightly displaced relatively to one 
another, but still showing that they were originally con- 
tinuous. A single elongated crystal may break into six or 
more segments arranged along a curving line. Beyond this 
the shearing has not frequently gone, and evidently the mat- 
rix has been more plastic than the larger crystals and has 
suffered to a greater extent than these. 

These fine vesicular spilites are the prevalent Devonian 
lavas of the Plymouth area. A few examples of them may bo 
cited. Around Henn Point and in the railway cutting west 
of Saltash all the lavas seem to be of this type, and very simi- 
lar rocks occur at Brighter (Landrake), at St. Budeaux 
Church, at Venton Wood (near Tideford), and at Weston 
Mill. Other localities for these rocks are at the Hartley 
reservoir, near the Raglan Barracks, at Cumble Tor Wood, 
and at Poldrissick. In some of these rocks the small rectan- 
gular sections of the phenocrysts are more conspicuous in the 
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slides than the decomposed remains of the groundmass. 
An example of this type is to be found at LoUabeny Quarry, 
near Saltash. 

A limited number of the rocks of this group carry lai^ 

Eorphyritic felspars, a feature unusual in the spilites. The 
est and most accessible instance is the rock quarried behind 
Devonport Workhouse (Fig. 1, PI. 4). It is pale greyish green, 
not evidently vesicular or much sheared in the hand specimen, 
and shows porphyritic felspars often half an inch in length. 
Microscopic slides prove this rock to contain a matrix essen- 
tially similar to the fine-grained spilites of this district. It 
consists of acicular felspars lying in a matrix of chlorite and 
devitrified glass. Calcite is abundant, and with chlorite fills 
large elliptical steam cavities. Fluxion structure appears in 
the groundmass, and is accentuated by a slight amount of 
shearing which has flattened the vesicles, and in a few cases 
has shattered the porphyritic felspars. The large felspars 
are idiomorphic, show Carlsbad, albite and pericline twinning, 
and have the optical properties of albite-oligoclase and a re- 
fractive index equal to or lower than that of the Canada bal- 
sam in which the slide is mounted. They contain enclosed 
patches and veins of chlorite and calcite. The specific 
gravity of small fragments of this felspar proved to be 2.63, 
thus confirming that a plagioclase very near albite was present. 

On account of the unusual character of this rock, which 
though evidently resembling in many ways the augite ande- 
sites and andesitic basalts, contained felspars very rich in 
soda, a chemical analysis of it was made by Dr. Pollard in the 
Survey's laboratory. It is given below, along with other 
analyses of allied rocks cited for comparison. It may be mei^- 
tioned that large idiomorphic felspars occur also in a few 
other spilites of this sheet, in several localities along the 
railway and shore south of Saltash, and at Penquite Quarry. 

The large percentage of carbonic acid in our rock shows 
that it is considerably decomposed, an inference confirmed by 
the presence of 4 per cent, of water. The carbonates are 
principally calcite, but some dolomite and siderite are present 
also, as can be proved by attacking the powdered rock with 
weak acid. The very low silica and high alumina are also 
noteworthy. Analysis II. is of a rock from the Southern 
Uplands of Scotland, described by Dr. Teall.^ He notes that 
the special features of his analysis are the high percentage of 
alkalies combined with a low percentage of silica; the fel- 
spars of this rock are oligoclase. Analysis III. is of a spher- 
oidal ' basalt ' from Point Bonita, California, cited by Dr. 
Teall ; it shows the same features. Analvses IV. and V. are bv 
Phillips,^ of Devonian igneous rocks from Pen tire Point and 
Port Isaac, Cornwall. ITiey show that this type of rock has 
a wide distribution in the south-west of England. 

It is curious to remark that the first two of these rocks 

^ Memoirs of the Geological Survey: 'The Silurian Rocks of Britain,' 
vol. i., p. 86. 

^ Phillips, J. A. * On the Fo-called *' Greenstones " of Central and Eastern 
Cornwall, Quart. Jour, Geol, 8oc., vol. xxxiv., 1878, p. 482. 
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kave a marked pillow-structure in the fi*l(l. This peculiar 
feature is exhibited by some at least of the Upper Devonian 
lavas of the Plymouth area, as was observed by Mr. Ussher 
and the writer at the cuttings in progress south of Saltash. 
Moreover, the Scottish rocks and the California rock are 
accompanied by cherts, and at Henn Point, near Saltash, and 
in Devonport Workhouse Quarry grey cherts rest on the 
Devonian lavas or are involved in their mass, perhaps by 
shearing. The pillow lavas of MuUion Island belong also 
to this group, and* radiolarian cherts accompany them. 

Analyses of Devonian Volcanic Rocks, 
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I. Porphyritic spilite, Devonport Workhouse Quarry (Anal. W* 
Pollard). 

n. Amygdaloidal diabase, Gatttlochside Bum, New Camnock. 
IIL Spheroidal basalt, Point Bonita, California. 
IV.^ Amygdaloidal lava, Pentire Point, C!omwal]. 
V.^ „ „ Port Isaac, Cornwall. 

The intrusive igneous rocks among the Upper Devonian 
strata of this sheet are diabases, proterobases, and picrites. 
Many of them have been described by Phillips,* while others 
have been investigated by AUport,^ Worth,* and Dr. Teall.* 

\ Phillips, J. A. Pnd., p. 482. 
Itnd., p. 471. 

' Allport, S. 'On the Metamorpliic Rocks mirronnding the Land's End 
mats of Granite.' Ihid,, vol. xxxii., 1877. p. 422. 

4 Worth, R. N. * The I^eons and Altered Rocks of Sonth-West De^on,' 
Tram, Devon, Ammc^ vol. xix , 1887, p. 467. 

• Teall, J. J. Harris. * British Petrography/ 1888. 
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In the hand specimens they are coarser-grained than the lavas, 
never vesicular nor distinctly porphyritic. Their structure 
is usually a variety of that described as ophitie, and while some 
of them are very fresh, the majority are a good deal decom- 
posed. As contrasted with the lavas they yield little calcite 
on weathering, while epidote is a frequent product. Appar- 
entlv because of their more massive character thev are less 
sheared than the schalsteins and spilites, but symptoms of 
cataclastic action are very common also in this group. 

Diabases. — The diabases are on the whole more numerous 
than the proterobases. They consist of plagioelase felspar 
and augite and have a very pronounced ophitic structure. 
Large plates of pale brown or purplish brown augite may be 
seen in the sections enveloping many small lath-shaped sec- 
tions of felspar. Sections of this augite cut nearly perpen- 
dicular to an optic axis have peculiar dark blue and brownish 
grey polarisation tints, and a marked dispersion. The augite 
is often very fresh, but in other cases is weathered to aggre- 
gates of pleochroic green chlorite. Uralitisation, so common 
in the greenstones of Western Cornwall is very rare in these 
rocks, (^alcite also is comparatively uncommon, but epidote 
occurs frequently in small bright yellow grains. The iron 
oxide is ilmenite or titan if erous magnetite, and is often 
replaced by networks of sphene or leucoxene. Biotite is 
found in the diabases of Poldrissick and Pillaton Mill. 
Apatite in largo elongated hexagonal prisms is universal. 
Xo fresh olivine was seen in any of the slides, but pseudo- 
niorphs which may represent that mineral occur in rocks of 
this group from Burraton Coombe and Cremyll Passage, 
Mount Etlgcumbe. It is probable, however, that most of them 
were olivine-free diabases. Some of the specimens from Bur- 
mton Combe contain large porphyritic plagioelase felspars. 

Many of these rocks are much decomooseil, and hence do not 
invite minute description. Une point, however, which de- 
serves notice is the presence of alkali felspars in irregrular 
plates as the last product of consolidation. The prevailing 
felspar is oligoclase, but in a few of these diabases, like 
that which occurs half a mile north of the east end of the 
Victoria and Albert Bridge there are plates of untwinned 
alkali felspar forming a sort of embedding material in which 
the lath-shaped plagioclases lie. 

Proterohases.- The proterobases are distinguished from the 
diabases by containing brown primary hornblende. As these 
rocks are always very little sheared there is no reason to 
regard this mineral as of dynamometamorphic origin, in fact 
it bears all the rhanicters of an original ingredient. In this 
group we shall include the hornblende dolerites or hornblende 
diabases described by Dr. Teall.^ As dark brown biotite is 
verv common in some of these rocks the term mica diabase is 
applicable also. They are usually more coarsely crystalline 
than the augite diabases above described, though fine-grained 
varieties occur. Ophitic structure does not characterise tke 

1 Temll, J. J. H. • British IVIro|rnHP^7.' 188». ^ 3SX 
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majority of them; in fact they tend to have a hypidiomor- 
phic granular texture. 

On both sides of the Kiver Lynher, near Crrovc, and on the 
west bank of the stream a few hundred yards higher up there 
are exposures of intritsive rocks of this class. There is a 
good deal of variation in minor characters even in specimens 
taken from a single locality, and none of them is in a per- 
fectly fresh state. All contain a purplish augite not unlike 
that of the diabases but more deeply coloured. It is often 
surrounded by or intergrown with dark brown, highly di- 
ehroic hornblende. The latter mineral does not readily de- 
compose, while the augite is frequently partly replaced by 
chlorite. Ilmenite in large crystals is abundant, and the 
long stout needles of apatite which are plentiful in this rock 
are very conspicuous in the micro-sections. Biotite is scarce. 
The felspars are not always fresh enough to be determinable, 
but belong partly to oligoclase, and a small amount of un- 
twinned felspar with low refractive index can be detected in 
interspaces. There are patches of albite with epidote and 
calcite which are probably secondary. 

The structure of this rock is partly ophitic as the large 
augites and hornblendes are often penetrated by small fel- 
spars, especially near their margins, but they show this char- 
acter in a far less marked fashion than the diabases, and there 
is an evident tendency for the felspars to crystallise after the 
ferromagnesians. An analysis of one of these rocks from the 
quarry opposite Grove is given below (I.). 

In Forder Creek there is a quarry in proteribase, and several 
other outcrops occur here also on both sides of the stream. 
TEis rock has the same purplish augite, abundant ilmenite and 
large apatites as those above alluded to, but here biotite 
rather than hornblende is the characteristic mineral. As re- 
marked by Phillips^ tRis rock varies greatly, some speci- 
mens being coarse and felspathic while others are dark and 
fine-grained. The ophitic structure, which is very pronounced 
in some of the slides, is almost absent in others. The augite, 
biotite and hornblende all may be penetrated by felspar or 
may show fairly good outlines and be nearly free from enclosed 
felspars. Epidote, albite, quartz, sericite, calcite, leucoxene 
and chlorite are the principal secondary products. The rock 
from the quarrv was analysed by Phillips and his analysis is 
quoted here (IIa and lis). Among the plagioclase felspars 
oligoclase appears to preponderate, and there is a certain 
amount of anidiomorphic interstitial untwinned felspar which 
belongs to albite and anorthoclase. 

Near Cartuther (Roseland), Menheniot, there are two 
exposures of proterobase which in some respects differ from 
those described. They are coarse grained rocks, very rich in 
crystals of dark brown hornblende and containing almost no 
pyroxene (Fig. 5, PI. 4). Biotite appears in some of the slides 
but is not exactly common. The felspar is very fresh and is 

» Lae. cU„ p. 491 PhillipR pives the locality ps Wearde, but Mr. UMher 
informs m© that Forder Creek Quarry is the source from wh'ch his specimeTis 
were obtained. 
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mainly oligoclase in elongated, nearly idiomorpkie crystals, 
with some alkali felspar, mostly untwinned, filling up the 
spaces between the earlier minerals. Large prisms of apatite 
are very common and there are the usual crystals of ilmeuite. 
Chlorite and epidote are the principal secondary products. 
The structure is not at all ophitic but the homblenae fonna 
well-shaped crystals which are not penetrated by felspar. The 
amount of alkali felspar is exceptionally large. The results 
of an analysis of this rock by Dr. W. Pollard are given below 
(III.). In several respects this rock resembles the Essexites. 
In Antony Park and at Antony Passage there are several 
outcrops of intrusive rocks, as indicated on the map. All of 
these are hornblende diabases or proterobases, not unlike the 
rocks from Forder Creek on the opposite side of Lynher. They 
are a good deal decomposed and tneir augite is full of chlorite 
while their felspars are often turbid and semi-opaque. At 
Defiance Lawn, Wearde Quay, there is a quarry yielding mica 
diabase, very rich in dark biotite but with little hornblende. 
Mica diabase occurs also on the east side of Saltash Passage a 
little north of the Victoria and Albert Bridge. Fine-grained 

Sroterobases, more like those of Cartuther and very rich in 
ark hornblende but containing less augite or biotite, are 
represented in the collection from Ladye Park (Liskeard), 
waterfall N.W. of Shillingham, and Trehunsey Bridge. All 
the members of this group are marked by abundant apatite and 
ilmenite and a considerable amount of alkali felspar. 
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I. Proterobase from quarry on west side of Lynher opposite Grove 
Landrake, Cornwall (Anal. Dr. W. Pollard). 

IIa. and 11b. Analysis in duplicate of proterobase from quarry on east side 
of Forder Creek, Cornwall. {Quart, Joum. Greol, Soc,, vol. xxxiv^ p. 492.) 

III. Proterobase, 200 yards [north of viaiact, soath-west of Oartuthery 
Cornwall (Anal. Dr. W. Pollard). 



^ETfiOOftAFHir. 



101 



Purites, — The picrite of Clicker Tor, Menheniot, wkicli 
occurs within the borders of this sheet has been excellently 
figured in Dr. TealPs * British Petrogranhy ' (PI. II., Fig. 2), 
and is well known to all students of the suDJect. A new locality 
for hornblende picrite has been discovered by Mr. Tssher at 
Molenick, Criffle Mill (Fig. 4, PI. 4). It is a fairly coarse- 

f grained, very dark green rock, and in the hand specimen, the 
arge cleavage surfaces of black hornblende show characteristic 
* lustre-mottling ' from the numerous small rounded enclosed 
olivines. Under the microscope the latter mineral is still in 
large measure fresh, but is weathering to green and yellow 
serpentine. Brown hornblende is next in abundance. Its 
crystals are large but entirely without crystalline outlines and 
show an intense pleochroism. Occasionally small areas of 
purplish brown augite are visible in the centre of masses of 
hornblende. Brown biotite, partly bleached by decomposition, 
and perhaps not entirely primary, occurs here and there in 
the Slides. There are also saussuritised residues of felspar 
and many large prominent apatite needles. Primary iron ores 
are few and small, but where the olivine is decomposing dusty 
iron oxides are separating alonff its cracks. The poikilitic 
structure, so characteristic of this group of rocks, is exceed- 
ingly well marked, and symptoms of crushing are almost 
absent. 

The results of an analysis of this rock, executed in the 
Survey's laboratory, by Mr. E. G. Radley, are as follows: — 
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Plate IY. 
Photomicbog&aphs of Rock Sections. 

Flii. 1. — Porphip-itie SpiliU \ Qa&rrj near Deronport WorklKMiaeu 
Slide No. 214& Magnified 13 diametwa. 

The photograph shows large phenocrysts ct 

oligoclase-albite, in a groundmass containing 

smaller felspars but much decomposed. This rock 

contains small vesicles occupied by calcite and 

chlorite. There are no fresh ferromagnesiau 

minerals. 
Flit. ^.—SchaUtein Tuff : Sewer under George Street, Pljmooth. 
Slide No. 4309. Magnified 10 diameters. 

The n>ck consists of highly vesicular, decom- 
posed lapilli. 

FIG. 3. — SckiUteiH ; high road near Hartley reaerroir, north of Plynoath. 
Slide Xo. 430a Magnified 10 diameters. 

The loek shows micn^poiphyritic, elongated 
felspars, in a tine, dark, decomposed matrix. 
There are manv steam cavities, tilled with calcite, 
flattened and distorted by pressure. 

FIG. i.— Hornblende Picrit€ ; n«ar Crillle MilU sootli-weBt of Molenick, 

«1 C4ulf41 iot> 

Slide No. 432SL Magnified 10 diameters. 

Many partly decomposed crystals of olivine li» 
iu lai^e masses of deep brown hornblende (lustre 
mottUnl strui'ture-;. There is also a little brown 
augite and <eioudary pnxlucts after felspar. 

FIG. ^— Protercbase I crag overlooking vallev, 200 yards north of 
Tijuluct« 9oath>we8t of Cartather, Menheniot. 
Slide No .477i>, Magnified 9 diamet^rs^ 

This rock contains many large eumorpliic 
orkstals o: dark-brown hornblende, purplish augite 
ijHirtly chloritized^ and transparent felspar, witk 
iron oxidet> and apatite. The black spots in tke 
photograph are mostly >ection> of hornblende. 
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CHAPTER V. 
CARBONIFEllUUS. 
Extent and Relations. 

The Ctilm Measures extend along the north, margin of 
Sheet 348 for six miles from Hay marsh on the east to Dunner- 
dake on the west, occupying an area of about seven square 
miles. 

They form an outlier of which about four square miles is 
comprised in Sheet 3137 on the north. Their southern 
boundary from Pillaton westward is a fault or series of faults, 
and there are also numerous faults affecting their relations to 
inliers of Upper Devonian slates, for instance along the valley 
north of Crendle Down, near Painters Cross, between St. 
Mellion and Haltonquay, near Ueathfield, Hay marsh, and east 
of Amytree. 

These faults, however, do not explain the relations of the 
Culm Measures to the Upper Devonian or the abnormal distri- 
bution of the Lower Culm Measures. The development of 
Lower Culm Measures at Crendle Down, Newton Ferrers, 
Herod Down, and Pillaton, their presence at Bouse, Pol- 
border, near Painters Cross, north of Painters Cross, near 
Haltonquay, and as an inlier on Amy Down renders the direct 
superposition of the (Middle CulmJ plant-bearing slates and 
greywacke on the Upper Devonian slates between Rouse and 
Painters Cross, east of Amytree, east of St. Mellion, near 
Fursdon, and in the outlier at Pentillie Castle an enigma. 

Two alternative explanations of these anomalies naturally 
present themselves: — 1st, Thrust faults, often horizontal, dis- 
placed by normal faults; 2nd, A marked unconformity 
Detween the plant-bearing shales and greywacke and the 
Lower Culm, allowing of the complete removal of the latter 
by a denudation so irregular that a considerable rei)resentii- 
tion of Lower Culm was locallv left. 

Without denying the possibility of the former view, I 
have adopted the latter, as being in accord with the time 
which must almost necessarily have elapsed between the 
deposition of the fine Lower Culm rocks and the accumidation 
of the comparatively coarse greywacke associated with the 
plant-bearing shales; and as it is consistent with the occur- 
rence of different horizons of the Lower Culm in junction with 
the Middle Culm greywackes.* 

LowEB Culm Measures. 

The occurrence of Lower Culm at and south of Dunnerdake 
is extremely doubtful owing to the absence of exposures. At 
TJpham, the farm shown on the map north-west of Dunner- 

1 Proe. Somertet Arok, and Nat. Hist. 8oc., toI. xlvi., 1900, 
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(lake, dark shales were seen, but a very thin band of grit wai^ 
detected in them ; a little to the west greenish (j pper lievoniau 
slates are visible. The faulted junction can be traced, but 
whether the tract shown on the map as Lower Culm belongs 
to that series or to the greywacke is quite uncertain. 

On Crendle Down the evidence of occasional surface stones 
on a barren furze-grown waste suggests dark shales with 
chert on dark shales or slates resting on greenish Upper 
Devonian, but, although these dark beds (apparently dipping 
i>outh) are exposed on the north- west of the Down, their rela- 
tion to the Devonian on the west is exceedingly obscure. 
Some evidence of a small greywacke outlier was noted on the 
Down. 

The shale and chert beds of Crendle Down and the strip of 
Upper Devonian on their north border are cut ofiE against 
greywackes by fault on the north-east. Toward Herod Down 
they pass under the greywacke series, partly concealed by a 
river terrace. Where the greywacke series on Herod Down 
approaches the faulted Upper Devonian boundary hard grey 
buff- weathered fragments of shaly stone exhibil numerous 
impressions of Posidonomya and of GlyjMoceras spirale (Phil.), 
which characterize the Upper horizons of the Lower Culm at 
Waddon Barton, near Trusham, and elsewhere. The type here 
presented is the Brimley type.^ 

On the east of the Lynher valley at, and north of, Newton 
Ferrers the Lower Culm, as far as could be ascertained, con- 
sists of — hard blue-black chert and mudstone beds exposed in 
a quarry in Park Wood — ^hard dark mudstones weathering 
pale green, seen between Park Wood and Newton Ferrers 
— hard grey mudstones with whitish and black bed banding 
exposed in a quarry by the avenue near Newton Ferrers ; but 
no proof of the occurrence of the higher fossiliferous horizons 
was obtained. Continuing their main outcix)p we lose traces 
of the higher horizons in the Lower Culm between Herod 
Down and Pillaton. On the east of Herod Down an arrete 
of hard dark contorted chert and cherty beds is conspicuous. 
The beds attain to two inches in thickness. On crossing the 
Lynher, by a road bordering the alluvium (at the foot of 
Tor Down), chert beds and dark slaty rocks with cherty bands 
are exposed dipping northward, and vertical a little further 
to the north. Between the tributary streams below Trewash- 
ford hard blue-black even-bedded cherty beds, varying from 
half an inch to two inches in thickness, are exposed in a small 
quarry. At about 80 yards south of this (in Buttemhill Wood) 
similar rocks and shales partly banded with lighter tints were 
seen in a small quarry. 

A quarry by the road near their faulted junction with the 
Upper Devonian, at three-eighths of a mile west of Pillaton 
Church, exhibits blue-black chert in beds from one to six 
inches thick, with shale partings in places, so excessively con- 

1 ♦The British Culm Measures,' Pror. 8om. Arch, and Nat. Hitt. Boc,, 1892, 
vol. xxxviii. , p. 131. • 
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torted that their thickness may be under 15 feet. From here 
to Pillaton Church the outcrop of the Lower Culm is very 
naiTOw. At a quarter of a mile east of the church the con- 
torted chert beds are again visible in quarries on a ridge 
feature, bounded on the south and east by the greywacke 
series. The chert was here found by Mr. Fox to be filled 
with radiolarian casts, 20 feet of light and dark banded 
chert in beds of from one to nine inches thick being noticed 
in a quarry 500 yards east of the church.^ On the north of 
this ridge the relations of the Lower Culm to the greywacke 
series are not clear. The siliceous beds of the Lower Culm are 
exposed south-east of House on the west side of the stream, 
east of which the greywacke series separates the Devonian 
inliers. At a quarter of a mile north of Bouse siliceoxis sur- 
face fragments denote an inlier of Lower Culm, terminating 
in a feature on the west. When traced eastward across 
the valley (at Trehill Wood) the greywacke on its southern 
border disappears, and for about 300 yards it is in contact 
with the Upper Devonian ; here they are exposed in a quarry 
with southerly dip, beyond which there is no further proof 
of their continuance eastward. 

To return to the southern margin of the outlier. After 
the termination of the chert beds on the ridge east of 
Pillaton nothing but the greywacke series bounded on 
either side by Upper Devonian is evidenced for a quarter of 
a mile eastward, then, on traversing two stream valleys, we 
find dark chert beds with filamentous quartz veins shatply 
contorted, and not far from their exposure plant-beanng 
shales and greywacke were seen on the north. From here 
to Vinegar Hill, south of Painter's Cross, sometimes the one 
series sometimes the other prevails, and boundaries between 
them are nowhere clear. At Vinegar Hill micaceous grey- 
wackes, associated with pale grey- weathered shales, are faulted 
on the south against buff and purple Upper Devonian slates, 
but on the north and east dark slates or shales and chert beds are 
evidenced in faulted junction with the Upper Devonian; their 
eastern termination is a small fault-bounded patch. Radio- 
larian chert was noticed in the foundation of some cottages 
jn the east side of Vinegar Hill by Mr. Fox.^ North of 
Painter's Cross another patch of Lower Culm is feebly evi- 
denced ; it seems to be in faulted contact with Upper Devonian 
on the east, but on the north-west and south its relation to 
the greywacke series is absolutely undefined. Near the 
apparent westerly termination of this patch, at about 600 yards 
north-west of [Painter's] Cross, Mr. Fox notes the occurrence 
in a roadside gutter of hard dark chert " traversed in all direc- 
tions by veins of quartz. The rock is filled with radiolaria, 
some even showing traces of structure." ^ 

The Lower Culm near Eouse, and between Painter's Cross 

»*» The Radiolarian Cherti of Cornwall," Trans. Roy. GeoL Soe. Com., 1896, 
Tol. xii. pp. 61, 62 ; also Tram. Devon. Assoc, 1896, vol. xxviii., p. 787. 
« QuaH. Joum. Geo. Soc, vol. li., 1895, pp. 624, 625. 
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and the Pillaton ridge, is not distinguished by colour on the 
map through an oversight. 

Lower Culm Measures are exposed on the shore of the 
Tamar, at about 200 to 620 yards above Haltonquay. In this 
distance the higher horizons of the Lower Culm are visible 
as well as the chert beds, but the exposures are not continuous 
and the rocks are greatly disturbed. The greywacke series 
also comes down to the shore in places and apparently overlies 
the whole section unconformably, as the Lower Culm cannot 
be traced inland. 

• At 3'}0 yards from Haltonquay in the shales and lenticular 
limestones there is a mass of brownish mudstone with a slaty 
tendency. This rock is crowded with Po^idonomya becheri 
(Bronn). At about 60 yards further north hard dark chert 
beds with filmy quartz veins are exposed in a cliff receding 
from the shore. At GO yards further north hard greywacke 
occurs on the shore, and at 150 yards further north chert beds 
are finally visible. 

Mr. Fox gave this section in detail. He describes the lime- 
stone near Haltonquay as 

^ of a dark bluish tint, weatheriug on the exterior to a rusty brown ; under 
the microscope thin sections show that it is granular, and mainly forami- 
. niferal in character, containing Endothyraj Trochammina^ Dentaltum, and 
Nodusinella. The forms of Endothyra resemble those in the Lower Culm 
limestones of Canonsleigh, N.E. Devon. The cherty rock occurs in regular 
beds, two inches and upwards in thickness. It is dark, or black, hard, 
compact, finely laminated, and with numerous quartz veins. ... It 
is composed of radiolaria so numerous as to be in contact with each other. 
The best exposure of this chert is about 70 yards south of the old limekiln 
of Chapel Farm. North of the Chapel Farm limekiln cherty rocks again 
appear ; they are so closely traversed by quartz veins as to become of a 
bluish grey tint, but in spite of this their radiolarian characters are still 
recognisable in thin sections.'* ^ 

The termination of the Culm rocks eastward is probably 
determined by a fault (concealed by the alluvium of the 
Tamar), which in its southerly prolongation shifts the Pen- 
tillie Culm greywacke outlier to a more northerly position on 
the Devon shore. Toward Haymarsh this line of faidt is sug- 
gested by marshy ground. 

By the road to Haltonquay, at about 350 yards east of 
Heathfield, a well was sunk to a depth of 22 feet in dark 
shale, but this cannot be taken as evidence of Lower Culm, 
as in the greywacke series in this vicinity, and locally 
elsewhere, greywacke or grit seems to be only represented 
by occasional thin beds in dark shales. This diflBculty in 
distinguishing dark slates or shales in the Lower Culm from 
dark slates or shales in the greywacke series and from dark 
slates in the Upper Devonian is apparent near Dunnerdake 
and on Crendle Down, as already mentioned. The same diflS- 
culty is experienced at Gappagh, south of Chudleigh, in 
Sheet 339, and elsewhere. 

On the west of the faulted patch of Upper Devonian cherty 
beds of the Lower Culm occur north of Heathfield ; they are 

1 T^am. Devon, Ass^e,, vol. xzviii., 1890, p. 786. 
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not shown on tke map^ as no boundary could be drawn until 
their relation to the radiolarian Lower Ctilm rocks of Smeaton 
described by Mr. Fox^ could be ascertained. 

The Devonian inlier east of Amjrtree is surroiinded by the 
Culm greywacke series with which it is in faulted contact on 
the west. 

Ii^ the north of Amy Down a small patch of hard dark shaly 
beds and chert is exposed in a quarry. This inlier completes 
the evidence of Lower Culm in the St. Mellion tract in 
Sheet 348. 

OiUliers, — The ori&'inal extension of the Lower Culm Mea- 
sures is proved by the outliers near Tamerton Foliott. The 
largest of these is nearly four miles south-east of Painter's 
Cross and consists for the most part of hard dark cherty frag- 
ments forming a thin top soil, but near its south-eastern ex- 
tremity the chert beds are exposed, and (at Tor Rock) seem 
to rest on dark shales. There is evidence of a band of de- 
composed igneous rock in the Upper Devonian along the 
southern boundary of the outlier. 

The smaller outlier caps the summit at a quarter oi a mile 
south of Tamerton Foliott. It does not extend much beyond 
the quarry in which dark even-bedded quartz-veined chert 
beds, much contorted, are exposed. The specimen submitted 
to Mr. Teall (slide No. -3,152) is described as " banded chert 
traversed by quartz veins. Under the microscope some layers 
are full of traces of radiolaria." 

At half a mile east of Whitleigh Hall, a mile from the 
small outlier, and in line with the direction of the larger one, 
a patch of exceedingly disturbed black shales or slates is cut 
through in the high road. The possibility of the occurrence 
of a Culm outlier here at once occurred to me, but as it is at 
Wheal Whitleigh lead and silver mine, and probably along 
or close to the lode, in the absence of more conclusive evi- 
dence it is not indicated on the map. 

Worth considered this exposure as on an anticlinal which Prof. Phillips 
snpposed to exist near Whitleigh. ** Here/' he says, '* so far as lithological 
characters go, both Carboniferous and Devonian slates may be represented. 
There is a massive badly cleaved quartzose slate, dipping 45^ south-west ; 
a massive well-jointed drab slate, nearly horizontal; some ferruginous 
slate; and some black rotten slate. The southerly dips afe at the 
southern end of the cutting ; at the northern end the dip is north-west.'*^ 

Middle Culm Measures. 

These strata consist of more or less felspathic sandstones, 
or greywackes, and of dark shales. The greywackes vary in 
gram, but in this district cannot be regarded as really coarse- 
grained, and are never conglomeratic as in the corresponding 
rocks in Ugbrooke Park, &c. The dark shales as before stated 
are diflBcult to distinguish from Lower Culm and Upper 
Devonian where the greywacke intercalations are few and far 
between and the surface evidence is obscure. 



\ 



» Ibid,, p, 786. 

' Thid., vol. xxi., 1889. p. 279. 
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At Crist hard dark micaceous beds of greywacke inter* 
bedded with shales coniaining plant remains are exposed, also 
interlaminated bands of shale and greywacke associated with 
false-bedded greywacke, exhibiting anticlinal structure. To 
the south of Crist thick beds of greywacke and laminated grey- 
wacke and shale were observed in a disused quarry. These 
rocks are faulted against Upper Devonian in the valley south 
of Crist by an east and west dislocation, shifted by a nearly 
north and south fault, and are thrown against the Upper 
Devonian and Lower Culm by a south-easterly fault, at the 
north-east end of Crendle Down. Their occurrence on Herod 
Down is proved by surface-stones. 

North of Herod Down tough beds of greywacke interbedded 
with sKales are exposed, dipping south at the south end of 
Bramble Wood. 

In quarries on the margin of the woods north of Bramble 
Wood the gre\'wackes are also seen. In one of these pits, on 
the south of Oakpark Wood, blue-grey shaly mudstones are 
associated with the greywackes which are partly laminated 
and false-bedded ana also exhibit fine interlamination with 
dark shale. The dip is southerly at 50^. 

On the east side of the stream in New Down, at more than 
half a mile south of the Lower (yulm in Her on Amv Down, a 
quarry exhibits 20 feet of fine-graiiie<l tough be<ls of grey- 
wacke on dark shales with beds of greywacke. The dip seems 
to be easterlv. East of Amv Down, near the southern end of 
the Tpper Devonian inlier, the tip from an abandoned man- 
ganese mine consists of dark slate or shale and greywacke. 

At about half a mile north from Pillaton Church 30 feet of 
greenish-weathered greywacke (freestone) rests on slates or 
scales, apparent! V with beds of grevwacke, in a quarrv giving 
a S.lo^E. dip of '35^. 

In some old pits at about a quarter of a mile north-east 
of Dunstan undulating dark grey beds of grevwacke and shale, 
with numerous traces of plants (Calamites), are exposed. 

At a quarter of a mile north of Crocadon, thick beds of 
greywacke with shale partings were seen dipping south. At 
the west end of By land s Plantation greywacke associated with 
buff- weathered shales dip south. North-east of St. Mellion 
and south of Crocadon blue-grey shales and greywacke exhibit- 
ing ligzug contortions are exposed in a quarrv. This quarry, 
or one in Crocadon Wood soutn of Heathfields, is mentioned by 
Mr. Fox as containing plant remains and ash beds.* 

Between Trewashford and Bouse the surface affords no 
reliable evidence of the nature of the subjacent rock, and it 
is possible that the patch of Lower Culm at Boose may be 
cconnected with the Lower Culm on the hill feature east of 
Pillaton and with the patch on the north side of the Polboider 
IJl^r DeTonuun inlier. The Devonian boundaries, howeTer, 
tare reliable. 
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The Lower Culm at Rouse ends abruptly at the valley on the 
cast, the opposite slope in Northdown Wood affording ample 
evidence oi the presence of the greywackes which can be traced 
continuously eastward to the vicinity of Painter's Cross. On 
the soutn of the Lower Culm riage east of Pillaton the 
Middle Culm is not exposed and the continuation of the 
main fatilt boundaiy of the Upper Devonian and Culm 
may with deflection continue as the boundary between 
Middle Culm and Upper Devonian, but its more prob- 
able direction would be along the south foot of the Lower 
Cuhn ridge. At any rate, uie greywacke series continues 
for three-quarters of a mile east of the Lower Culm feature 
with the appearance of chert beds highly contorted on the 
south of it. These contorted chert beds occur on the same side 
of the valley as Northdown wood, and at 100 yards to the 
north-east a small quarry exposes blackish greywacke part 
shaly with many traces of plant remains. 

The continuity of the Culm is broken by the next valley, 
about a mile from St. Mellion on the south. On crossing this 
valley purple slates of the Upper Devonian are evidenced on 
the slope, and greywacke fragments attest the presence of the 
Middle Culm on the summit. As already shown Middle Cidm 
is also present on Vinegar Hill south of Painter's Cross in 
faulted contact with Upper Devonian on the south., but giving 
place to Lower Culm on the north and east. The absence of 
evidence renders the relations of the Middle to the Lower Culm 
north of Painter s Cross equally indefinite. 

The sharp projection of Culm at Mo\mt Ararat (in 
Homavas w ooa) is composed of Middle Cidm shales and grey- 
wacke, partially exposed with a southerly dip in an old quarry 
near the south margin of the wood, where their boundary with 
the Upper Devonian seems to be a fault. 

Between Mount Ararat and Crocadon Wood a patch of grey- 
wacke and plant-bearing shales is let down by a fault. The 
quarry in which it is shown is mentioned by Mr. Fox * at Wood- 
lands near the borders of Halton Wood.' This fault displaces 
the Middle (^ulm and Upper Devonian boundary in Halton 
Wood (on the six-inch map), and seems to bifurcate, one 
btanch cutting off the Culm on the south near Haltonquay, 
the other crossing the Burcombe Valley and cutting off the 
Upper Devonian, in the direction of Haymarsh, against dark 
grey beds of greywacke and plant-bearing shales exposed in 
quarries on the west side of the valley near Dairymill (on 
the six-inch map). At Burcombe there is a quarry in dark 
plant-bearing shales and greywacke. 

West of Fursdon dark slates or shales, probably belonging 
to the Middle Culm, cross the stream valley near a band of 
igneous rock in the Upper Devonian slates which are purple 
in one place by the road on the east of a large Upper 
Devonian slate quarry near this. The dark slates or shales 
are cut off on the west by a fault bringring in a tongue of 
Upper Devonian by the stream, under Middle Culm. A little 
furtker west a cross fault brings on the Upper Devonian to 
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tho north of llenthfield. Just north of Fursdon there might 
bo a Hinnll outlier of Culm. The Pentillie outlier and its 
shifted continuation on the point of land inside the sharp 
bend in the Tamar consists of beds of grey and dark grey grey- 
wacke, weathering brown, and of dark shales. These rocks 
are exposed in a quarry on the Devon shore, and at Pentillie, 
and contain obscure plant traces. 

The jircsence of the higher horizons of the Lower Culm at 
Herod Down and near Haltonquay, not elsewhere represented, 
points to the extension of that series over the area north of 
Plvmouth and to its partial removal, at least, by denudation 
prior to tho deposition of the Middle Culm. 

In the (^hudleigh and Ashburton areas (Sheet fK}9) a some- 
what similar unequal representation of the Lower lulm, but in 
a niucii lesser degretN may be traced ; yet it is in the coarser 
beds of the (^hudleigh and Newton area that we obtain in the 
occurrence of conglomerates with worn chert fragments the 
fUivct evidences of the denudation of the Lower Culm and not 
in the St. Mellion greywackes, where the Lower Culm has been 
only pirtially spareil by that denudation. 

Altnough I am incline<l to think that the Lower Culm is 
itwlf unct>nformable to the Devonian direct evidence of this 
ivH not forthcoming, but as to the unconformity of the shales 
and greyw^acke to the nn^ks on which they rest there can be no 
doubt, and the destruction of volcanic rocks during their 
formation, if not certain, is highly probable. 
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CHAPTER VI. 

NEW RED SANDSTONE PERIOD. 

De la lieclie, in the chapter on the Red Sandstone series in 
his Report, points out the occurrence of " a porpliyritic rock 
... at Cawsand . . . which in general aspect resembles 
some of the igneous rocks associated with this series in the 
neighbourhood of Exeter and Tiverton." He seems to have 
connected its eruption with the intrusive dykes of igneous 
rocks in "the greywacke red sandstones and slates ' [Staddon 
grits] in the coast to the east, and adds : — ** Though unable to 
adduce direct proof, we are inclined to refer this porphyry, 
from its general character, to the date of the lower part of 
the red sandstone series.''^ 

The direct proof was supplied in 18G7, when Pengelly 
described a patch of conglomerate on the beach at Cawsand 
close to the trap (to which his attention had been directed by 
Mr. Reading), as " having the colour and general characters 
of the Torbay Trias." ^ Worth, in 1886, noticed the presence 
of trap as well as Devonian limestone, grit, &c., fragments, 
in this " low flat beach reef " of breccia. As further evidence 
of the former presence of New Red rocks, he cited the follow- 
ing: The occurrence of an untravelled block of breccia of 
Tnassic aspect, weighing probably four or five tons, on the 
beach at Drake's Island ; the presence of veins of fine red 
sandstone in the joints of the Plymouth limestone, wholly 
differing from the true Devonian sandstones ; the resemblance 
of the ' head * between Cawsand and Picklecombe to uncon- 
solidated Triassic breccia as being suggestive of the redeposi- 
tion of Triassic debris.^ 

He further cites the occurrence of New Red materials 
dredged from the Channel bed off the Lizard as evidence of 
a submarine outlier.^ 

Worth pointed out the evident connection of the patch of 
igneous rock near Withnoe with the Cawsand trap. To these 
the survey of the district enables us to add a third mass (at 
Bridgemoor, on the six-inch map) half a mile north-east of 
Withnoe. The intrusive nature of the two smaller patches 
i.s clear, but the origin of the Cawsand rock is not so certain. 

Worth describes two slides from the Cawsand rock, the 
one earthy, the other compact in texture, assigning to them 
the name mica porphyrite,"^ which he subsequently abandoned 
in favour of the term mica-andesite in a paper in 1891,^ in 
which he describes four varieties of the Withnoe rock col- 
lected within four or five yards from the large quarry, and 

' * Report on the Geoloj-y of Cornwall,' &c., pp. 211, 212. 

^ Trans. Devon. Assoc, vol. ix., p. 418. 

' Trans. Roy. Oeol. Sac Com., vol. x. p. 233. 

« Quart. Joum. Oeol. Soc., vol. xlii.. 1886, po. 313-315. 

» Trans. Devon, Assoc., vol. xix., 1887, p. 493. 

• Tra'^s. Boy. Oeol. Sac. Com., vol. xi., p. .341-346. 
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showing '' a well-marked unmistakable passage from what 
may be termed a rhyolitie pitchstone in the inner portion of 
the dyke to a trachytic quartz-felsite in the outer." 

Worth considered the Cawsand rock as a mle most similar 
to the Pocombe rock, *' though less crystalline in texture, 
whilst some of the grey micaceous patches are hardly dis- 
tinguishable in hand specimens from that of Killerton." ^ 

There are two quarries in the Withnoe mass — a small one 
on its border by the road to Withnoe, and a large one jonthe 
Down above, which has been extensively quarried for road 
metal. In the small quarry two varieties are shown, the 
one compact and with marked rhvolitic character, the fluxion 
lines being approximately vertical, the other rubbly and paler 
in colour with prisms of felspar visible in places. In the 
large quarry the fluidal banding is beautifully shown, and in 
part, apparently near the outer margin of the dyke, there is 
an appearance of flaky bedding with sharp undidation. Near 
the entrance to the quarry smooth round spheroidal bosses 
are noticeable here and there on the quarry face; they seem 
to be due to local conchoidal fractures. In both quarries 
grey and buff tints are present, but the rocks are for the most 
part mottled buflf, yellow, and red. It is diflBcult to obtain 
a large specimen owing to the numerous and irregular joints 
by which the tock is intersected. 

The Cawsand mass is exposed in quarries near its northern 
and western margin, and forms a causeway on the coast re- 
presenting the old beach platform. The rock is of a pale 
Sink and red colour mottled grey and with pale green and 
ufiE patches. It usually presents a rubbly aspect, and 
the compact varieties and fluidal bandings are much 
less pronounced than in the Withnoe dyke. The quarry 
near its western margin affords the best section. Here the 
rock has an appearance of nearly vertical bedding owing to 
a north-westerly system of joints ten feet or more apart. 
These are crossed nearly at right angles by a system of joints 
averaging four and a half feet apart. The rock shows signs 
of rhyolitie structure in places, and is much peroxidated. 
Worth figures a rudely columnar structure visible in the rock 
on the Cawsand beach reefs at full ebb-tides. Very hard 
rubbly rock is exposed at the head of a gorge by the fort 
on the south-east of Maker Farm, and seems to rest on grey 
ashy-looking Staddon grits split into large blocks in places 
by irregular joints. Near No. 4 Redoubt even-bedded naggy 
grits are exposed in the vicinity of the trap.^ 

The south-western margin of the Cawsand rock is a fault 
which coincides with the abrupt termination of the beach reefs 
in a low vertical wall along which adherent traces of friction 
breccia may be seen. Prolonged inland this Cawsand fault 
is concealed by valley deposits up to Coombe, where it Brings 
the Staddon grits in contact with the Dartmouth slates. By 
the road to Cawsand, at 170 yards from Coombe and not far 

\ Tranf, Boy, Qeol. 8oc. Com,, vol. x., p. 236. 
Ihid, , p. 235. 
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from the margin of the igneous rock, an exposure of fine red 
gravel of local Devonian fragments, angular, subangular and 
well-worn, in a comminuted earthy matrix of similar materials 
with large unworn fragments of the trap, was observed. If 
of New Ked age, which its appearance strongly suggests, it 
would appear to dip off the trap. Occasional worn grit sur- 
face fragments were noticed along the northern border of 
the trap, which might be relics of a fringing mass of breccia 
removed by denudation. On the coast the beach reefs of 
trap, intersected by numerous irregular joints, terminate 
irregularly on the north (between Sandway Point and Sand- 
way Cellar on the six-inch map). Near their termination 
fluxion lines suggest a low south-westerly dip. Between the 
trap reefs and the reefs of Staddon grit there is an interval 
of sand through which the low reefs of breccia project in 
places. At low-water-mark the space thus occupied is about 
40 yards, widening toward the base of the cliff of Head. No 
actual contact between the breccia and the trap is visible, but 
the reef of the former appears to be indurated and to dip 
S.20^W. toward the trap where nearest to it toward low- 
water-mark, and it seems highly probable that the breccia 
underlies the trap. 

The breccia contains fragments of crinoidal limestone, of 
Staddon grits, quartz, and trap, mostly subangular, but occa- 
sionally rounded. The stones are larger and more rounded 
for 20 yards outward from the irregular junction of the 
breccia with the Staddon grits. The Staddon grits have a 
high south-westerly dip, and the breccia dips off them at a 
low angle without any signs of faulting. 

From the above evidences I am inclined to regard the Caw- 
sand rock as in part at least a lava flow, but the presence of 
fragments of the igneous rock in the breccia somewhat mili- 
tates against this view. There are fragments in the breccia 
of the Crediton valley, near Spencecombe (Sheet 325), and 
elsewhere, which seem macroscopically very similar to the 
Cawsand and Withnoe rocks. 

From the examination of samples obtained by Mr. A. S. 
Allen, of the Marine Biological Laboratory, Plymouth, in 
dredging in order to investigate the fauna and bottom de- 
posits near the 30 fathom line, between the Eddvstone grounds 
and Start Point, Mr. R. H. Worth considered that Triassic 
rocks occur in situ in the vicinity of the Eddystone and the 
Hand Deeps to the west. Among the varieties enumerated 
are 'conglomerates, coarse red micaceous sandstones, fine red 
jaspideous sandstone as well as a red felsite and a variegate:! 
felspathic trap.*^ 



' Trans. Derap^ Assoc.,' vol xxxi.. 1899, pr. 364-366. 
9790 
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Petroloffical Notes, 
By De. J. S. Flett. 

The Cawsand porphyry is dark red in the hand specimen, 
mottled with grey and white patches and turning pale grey 
on the weathered surface. It shows many small glancing 
scales of black biotite, and a few pseudomorphs of kaolin 
after idiomorphic jwrphyritic felspar, in a tine grained red 
matrix which is tree from fluxion banding. Cnder the 
microscope the biotite is well crystallised, but frequently has 
sutfoixnl corn)sion, resulting in a deposit of dusty black iron 
oxides uix)n its surface. Its pleochroism is marked, the 
colours ranging from dark brown to pale clear yellow. The 
felspars of tlie iirst generation are entirely kaolinised. There 
is no porphyritic quartz, but small corrodeil quartz xenocrysts 
derivinl apparently from the adjacent sandstones may be 
found in some of the slides. The groundmass is impregnated 
with secondary iron oxide, mainlv as minute scales of haema- 
tite; it consists essentially of orthoclase felspar in small 
irn^gular prisms and shajx^less allot riomorphie masses; be- 
tween these there lies a very small amount of interstitial 
quartx. ZinH)n» apatite, and magnetite all occur as acces- 
sories in small but well-formeil crystals. 

The quart/, is pix>bably in part seiHindary, but some of it 
may Ik* original. The n>ck belongs clearly to the orthoclase 
jwrphyries or orthophyres, and is imlike any of the intrusive 
masses of Western i'ornwall, while it bears a verv close 
resemblauix^ in manv res|>eots to the orthophyres of the Exeter 
district yr.o^ Killerton^ as these have l>een described bv Dr. 
Teall.^ 

The WithniH* rock bt^longs to a distinctly more acid type; 
one variety of it contains many ct^rnxied phenocrysts of quarts 
which are remarkable for the {perfection with which they show 
the rhomlH>heilnil dtwvage. The porphyritic felspars are 
numon^us, lan:je and hisrblv idiomorpnic. Often thev are 
partlv kaoliuiseil, but in other cases they are perfectlv clear 
and ^res.h. having much of the character of the sanidine of 
n*cent and Tortiarv Iav;^s. Sonh> of them have a verv small 
axial ar.gle. while m others it is 1*.}1>^ or ihereaK^ut: the optic 
axial plane is always perpendicular to the plane oi symmefay; 
heni"*e they may he re§^r\KNl as a limpid variety of ordinaiy 
orthiviase. Riotite is abundant, and i\>5*i^mbles that of ike 
Caw^sand nv^k, but is usually le^ cornxlcxl and blackened. 
The ma:nx is a micnxgranitic mixture of orthoclase and 
guartt in sv^iaH irregular crains^ Plasrwiase is :o be found 
only in very sn^all qnaniity. Zirwn ar.d ma^Tietite are present 
also, and apatiie apwdir? in rather lar^ crvstals ol violet- 
irw^y fr\>:enr. This naay be wjaide-l as a ^^ry ir^sk and typical 
quarts TvrrivTy. 

T>ie 4:5x:okT.-bar*i>fv? or rhyvvitic v:Mte:ies of tke Witkaoe 
perrvhyry hjtx^ a vwx r^iie-^T^iuned laaArix similar to tkat 
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above described, but less quartzose and containing also small 
crystals of biotite of a second generation. This matrix has 
perfect fluidal structure and the bands are wavy or con- 
torted, giving a damascened appearance to the hand speci- 
mens. I^ot^nyiitic quartz does not occur in these rocks 
and felspar is not common, but idiomorphic biotites, some- 
times slightly blackened by corrosion, abound, and their 
crystals are often bent by the fluxion movements of the 
viscous matrix. 
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CHAPTER VII. 
POST TERTIARY. 

Of the long interval between the accumulation of the earlier 
New Red rocks and the latest stages in the sculpture of the 
present contour we have no certain records in this map An 
apparently fluviatile deposit retained in hollows dissolved in 
the surface of the limestone plateau of the Hoe, noted by 
Dr. Moore in 1841, and subsequently described by Worth, is 
3robably the earliest deiK)sit in the district, and may be of 
tertiary age. 

The ossiferous fissures in the limestone are usually filled 

ft- 

with earthy clay of later date. Of raised beaches there are 
abundant signs at the base of undercliifs of Head from a foot 
or two to fifteen feet above high water, and many of these, 
if exposures allowed the upward slope of the old beach plat- 
form to be seen up to the foot of the old cliff, may well have 
reached from twenty to thirty feet. The Hoe raised beach first 
recorded by Hennah in 1817 has been exposed from time to 
time by blasting operations in quarrying and road-making. 
The records of these exposures agree in assigning a height 
above the present beach of from 15 to about 40 feet. Dis- 
crepances in level are probably due to the slope of the old 
beach platform being exposed at different heights. The 
occurrence of Cawsand felsite fragments in this beach was 
noticeil by De la Becho^: their preponderance and the pre- 
sence of an igneous boulder of similar character to the 
schalstein of Drake's Island were noted by Worth. 

Commenting on this circumstance,* the latter observer 
advocated the connection of Drake's Island with the Mount 
Edgcumbe coast by a partially tidal reef during the formation 
of the beach, and considered that the deep trough (descending 
rapidly from 6 to 14 or 15 fathoms) wEicn, with a breadth of 
200 yards, occurs in the intervening half mile of water-way 
between Drake's Island and the Hoe, could not then have 
existed. 

Mr. J. C. Inglis, in 1877,^ in a paper on Plymouth Sound, 
illustrated by a chart showing the bottom contours in 
fathoms below low water, described this channel thus : — " A 
deep and comparatively narrow trough extends from between 
Mount Batten and Drake's Island, where it abruptly com- 
mences, in the rear of the island and along the Hamoaze as 
far as Saltash Bridge. ... In two places the depth is over 
twenty fathoms at low water, viz., at Devil's Point [22 
fathoms] and off Eastern King [25 fathoms], the deepest 
points in the Sound. Before the twenty-fathom line is 
reached we have to go two and a half miles outside the 
Breakwater." 

1 ' A Geological Manual,' pp. 156, 157, second edition, 1832. 

' Tratis. Roy, Oeol Soc. Com,, vol. x., p. 204 ; Trans, Plymouth Tnttit,, 18S5. 

3 * Plymouth Sound— its Tidal Currents/ Trans. Plymouth ImtU., 1877. 
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He then points out the resemblance in the difFerent deep estuaries on 
the south coast of Devon and Cornwall, and points out that the depression 
at Plymouth *'has all the peculiarities of a true *ruck basin,' for the 
narrower and deeper portions occifr just in those places where the erosive 
power of ice would have been greatest, and as the valley opens out the 
basin shallows." 

The ckart shows that the deepest part of the channel between 
Drake's Island and the Mount E<lgcumbe coast (' The 
Bridge') is under three fathoms. Immediately north of this 
ledge is the six-fathom line which encloses the deep trough. 
The soundingS; however, do not enable us to arrive at the real 
contour of the rock bottom owing to overlying deposits. To 
account for the Cawsand felsite and Drake's Island rock in the 
Hoe raised beach, it is necessary to assume with Worth that 
this deep channel did not then exist, or to invoke coast ice, 
which has elsewhere (Saunton, North Devon, &c.) been instru- 
mental in stranding erratics on the raised beach platform. 
In 1889 ^ Worth described the section of the rock valley of 
the Tavy, where the South- Western Railway Bridge spans it, 
calling particular attention to a layer of gravel and boulders 
(some of which he referred to a source 15 miles off up stream) 
lining the rock bottom under 70 feet, or more, of mud. 

This is also referred to by Mr. T. Codrington in his paper on 
submerged rock valleys,'^ in which he also mentions the 
occurrence of similar deposits on the rock bottom at Saltash 
Bridee, in the Coombe Lake valley north of Saltash, and at 
MillSay Docks. He gives many examples of sections of the 
Tamar and its tributary rock valleys. With the bottom 
deposits of clay and stones, Mr. Codrington correlates the 
stream tin gravels in the western rock valleys, referring both 
to the glacial period and regarding their formation as anterior 
to the raised beaches, not finding the reasons for the contrary 
opinion adduced by me in 1879 ^ convincing. 

In 1898 Mr. R. H. Worth entered the lists with a paper 
on * Evidences of Glaciation in Devonshire.' * 

He gives many sections across the rock valleys, tcni being in this map, 
in support of the theory of glacial erosion, and regards all stony clays 
encountered lining their bottoms as boulder clay. He finds the infini- 
tesimal fall of the rock bed of tho Tamar, which is almost level for over 
two miles above Saltash, an additional argument against fluviatile erosion. 
He compares very aptly the constrictions and widcnings in tho rock 
valley of the Tamar to valleys on Dartmoor, which above their narrow 
parts have been ancient lakes or tarns. 

Glacial conditions are assumed t<i have prevailed during an elevation of 
at least 180 feet, and the ronk valleys to have been scooped out, subsequent 
to the Hoe raised beach, but before the raised beaches found at lowpr 
levels, which are referred to a succeeding subsidence to 30 feet below 
present level, when the ** glacial clayn'* were deposited in the estuaries 
After this an upward movement of at least 80 feet, attended by the 
removal of the boulder clay (glacial conditions having passed away), per- 
mitted forest growth, entombod in the following subsidence when the sea 
attained its present level and the rock valleys were filled with silt and 
mad. 

* Trans. Devon Attoc, vol. xxi., pp. 276, 277. 

• Quart, Journ. Q0OI. Sac., vol. liv., 1898, pp. 265-268. 

' 'Post Tertiary Geology of Cornwall,' privately printeil, aud articles in 
Qeol. Maj,, 1879. 

* Tram, Devon. Ausoc, vol. xxx., pp. 378-390. 
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In 1900^ Mr. R. H. Tiddeman showed that the raised beach 
on the Gower C!oast was Pre- or Interglacial. That when the 
sequence of overlying deposits i» complete they preserve the 
following ascending order — A lower Head traced to connection 
with bone beds in the limestone caverns — Glacial drift with 
rounded stones, not of strictly local derivation — ^Later deposit 
of Head. 

Messrs. Muff and Wright have shown* that the 12 to 15 feet 
raised beaches of the south coast of Ireland are pre-glacial 
(in a relative sense) ; 

that they are overlain by Head identical in character, having regard to 
the different sources of derivation, with that on the Devon and Cornwall 
coast; that both are covered by boulder clay, which rests in places 
directly on the old beach platform, with accompanying glacial striation ; 
and that the boulder clay is in places overlain by an Upper Head, proving 
the resumption of similar conditions at the close of glaciation to those 
which had preceded it. They regard the excavation of the rock valleys 
of that coast as anterior to the raised beach period. 

If Mr. Worth is right in regarding the Hoe raised beach as 
evidence of a distinct and long prior subsidence to that 
which led to the formation of beaches found at lesser eleva- 
tions, then the latter and overlying Head can only be 
assumed to correspond to the Upper Head of the Irish coast 
sertion. We here assume that there are not two sets of raised 
beaches on this coast, the exceptional height of the Hoe beach 
being ascribed partly to exceptional opportunities of observa- 
tion, partly to a dift'erent configuration of the Sound. 

I think Mr. Worth is correct in referring the exc<\vation 
of the rock valleys to the elevation of the Hoe raised beach 
during which the coast Head accumulated. During the suc- 
ceeding depression forest growth took place not only on 
the present foreshore but far beyond it, and the relics of 
submerged vegetation are merely the results of an oscillation 
by which, as advocated by Professor James Geikie, the tree 
growth was able to advance for a time prior to its final sub- 
mergence.^ The probability that the deep depressions in the 
rock valleys and at their mouths had at some time during these 
movements formed lakelets is worthy of consideration. What 
part glacier ice could have played in their formation, as 
suggested by Mr. Inglis, it is difficult to conceive in view of 
the sharp bends in the Lynher estuary near Sheviock, and the 
Tamar near Pentillie, and the extreme sinuosity of the channel 
between Gunnislake and Calstock, unless such agency were 
confined to the channels already marked out by fluviatile 
erosion, and not sufficiently powerful to override them. 
Striated stones do not appear to have been detected in the 
deposits near Weir Head and llumleigh on the Tamar (north 
of this map), regarded by Messrs. Codrington and Worth as 
boulder clay, and in the stony clays sometimes found in the 

^ lUp, Brit. Atioc. Trans, p. 760. Compare with the three lower members 
of tliis succession the section on Greenway Cliff near Padstow. Trans, JRcy, 
Geol^ Soc. (Jorn.y vol. x., p. 68. 

' Scientific Proc. Roy. Dublin Soc., vol. x., 1904, pp. 250-324. 

« neol. Mag,, 1881, pp. 131-134. 
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bottom of tke rock valleys. As regards the general configura- 
tion in which these channels are but the final deep cuts, the slow 
waste of previous ages has left no direct record of ice action. 
The deposits on the Hoe are practically the only ones on the 
surface not directly connected with the actual drainage lines. 
The oldest river deposits in this map are probably not anterior 
to the raised beach formation. 

The boulders of quartz and of felsite or of diabase 
found on the surface occur where thick veins or inter- 
lacing strings of quartz penetrate the slates, and through 
the harder parts of some intrusive sills or dykes of 
igneous rock resisting surface weathering and gravitating 
down the slopes, but no proofs of erratics have been obtained. 
North of Liskeard, in the valley east of Tremabe, boulders 
of greenstone occur, and are said to be encountered here and 
there is ploughing the fields in the vicinity. The Gunnis- 
lake granite is exposed in the Tamar valley, and river ice 
flotation is more than probable during the elevation that 
succeeded the old beach formation. One can only wish that 
direct proofs of ice action may be found to corroborate the 
origin confidently assigned by Mr. Worth and with less cer- 
tainty by Mr. Codrington to the relics of stony clay found on 
the rock valley bottoms. 

Mr. Codrington^ has in my opinion shown the strong proba- 
bility of a correlation of the submerged valley stony clays 
with the later boulder clays, and has adduce<l evidence 
tending to prove that the rock valleys (in the south-east 
of England) were excavated since the older boulder clays, 
which chimes in very well with ice flotation on the coasts 
during the raised beach formation. He suggests the con- 
cealment of a deeper rock channel by blue clay in the Sound 
between the deep depression and the Breakwater. 

Older Deposits on the Limestone Plateau,r. 

These have been examined and describeil by Worth.*^ 
Midway on the Hoe plateau at an average height of 100 feet 
above mean tide extensive excavations disclosed a bed of 
clayey earth four or five feet deep in j)laces, with pebbles 
ranging from ** very small size up to boulders a dozen or more 
pounds in weight scattered through it," and containing 
'* patches of white and re<l clay.'' The pebbles are chieflr 
quartz witi granitoid rocks, quartz schorl rock, and a few m 
a dark hard slate; partially worn limestone fragments Jllso 
occur. 

" With the clay are small veins of sand tending downward 
to" a subordinate mass of white, drab, cream-coloured and 
red fine siliceous sand, probably filling a fissure in the lime- 
stone to a depth not ascertained. The white clay resembles 
Bovey clay and contains very few pebbles. 

Sand largely mixed with pebbles was found in the founda- 

* Quart. Joum, Geol. Soe., vol. xxxiv., 1878, pp. 456-458. 
2 Joum, riymoiith Inttit,, vol. v., 1875, pp. 472-474. 
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tions of Elliot Terrace, adjoining tke Hoe. "At tke south- 
eastern comei: of the Hoe . . . the fissures in the rock contain 
pebbles precisely similar in character to those above." 

In the adjacent map (349) " at Deadman's Bay may be seen 
the remains of a large * pocket ' in the limestone, one side 
having been worked away, which was at least sixty feet in 
depth, and which was filled with clay and pebbles precisely 
similar to the white clay and pebbles of the Hoe."^ In a 
subsequent paper in 1888,^ Worth states that these deposits 
have no connection with the Hoe raised beach, that they have 
not yielded a trace of organic matter except a fragment of 
wood, probably birch, and that the stones are mainly of 
Dartmoor origin, belonging rather to the Tavy watershed 
than to that of the Plym. He then describes a deposit of 
well worn stones on the northern slope of Catdown 60 to 70 
feet above datum, which from the number of flints, 40 per 
cent., suggests relics of Tertiary gravels.^ 

The first paleeontological discovery recorded in connection 
with the Hoe was in 1808, when there was found in a bed of 
fine sand in a fissure " at least 50 feet above high- water- 
mark," unconnected with the raised beach, " one side of the 
jaw of some nondescript animal." * 

Bone Caves and Fissures, 

In 1838 or 1839, Dr. Moore records ^ the discovery of bones 
on the top of the Hoe raised beach ten feet beneath the soil, 
these included : Molar and part of jaw of a young elephant ; 
femur of rhinoceros; maxillary bones with teeth of a bear; 
long bones; fragments of jaws of horse with teeth; deer's 
jaw with teeth ; vertebra of a whale, much worn, as were also 
some bear's tusks. Worth ^ attributes the position of the 
bones to derivation from a pre-existent fissure. He also men- 
tions bones of hyaena in the Plymouth Institute Museum from 
the Hoe fissures ; and the discovery of mammoth teeth and of 
a rhinoceros tooth (found by Mr. Hearder) on the present 
beach under the Hoe. In 1844, close to the dividing wall 
between the Hoe and limestone quarry, at about 20 feet above 
the path under the Hoe, two elephant tusks (E, primnigenius) 
were unearthed (by Mr. Edyvean), one being over six feet long 
and two feet nine inches in girth at base. 

In the Stonehouse limestone an ossiferous cavern is said to 
have been discovered about 1835, and another ** while the works 
of the Great Western Docks were in progress." The most impor- 

^ Similar pebbles probably occur in fissures in the limestone of Mount 
Batten. Bee Worth, Joum. Plymouth Instit,, 1879. 

* Trann, Roy. GeoL 8o^. Com,, 1888, *Detrital Deposits Associated with the 
Plymouth Limestone.' 

' Mr. Jukes-Browne refers the limestone plateaux of the Torquay area to 
Eocene planation. Quart. Journ, Geol. Soc, vol. Ixiii., p. 106. 
4 Monthly Mag,, vol. xxvi., p, 191 ; Trami. Devon Assoc , vol. ix., p. 428. 
» Rep. BrU, Assoc, 1841 ; Trans, of Sect., pp. 62-63. 

• Trans. Roy, Geol, Soc, Com., 1888, Detrital Deposits Associated with the 
Plymouth Limestone. 
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tant,Aituated in the southern face of a quarry on the Battery Hill 
spieuous from the hill top to the quarry floor, a depth of 
60 feet or more, running along the line of north and south 
nearly perpendicular joints in the limestone, and subsequently 
turning to the north-east. This cavern and its ramifications 
was investigated by Worth, 1879-1882.^ Its width varied from 
two to twelve feet, and it was filled with earth partly clayey. 
In the fissure and side chambers communicating with it 
obscure osseous fragments and imperfect bones were scattered. 
A comparatively numerous proportion of teeth enabled the 
following identifications to be made : Rhiuoceros (22. tichor- 
hinus), horse, hyaena, bear (Ursus ferox), fox, wolf, cat, dog, 

?robably boar, hare, black rat — one individual of each, only. 
^eeth of sheep or goat, bones of several species of deer, in- 
cluding teeth of two reindeer {C. tarandus) ; of ox. Bos //raW- 
genius, B. lonffifrans, and perhaps Bison priscus. 

Rhinoceras tichorhinus. C. capreolus (P). 

Ursus ferox. Bos primigenius. 

Hyaena spelaea. B. longifrons. 

Canis lupus. Bison priscus (?). 

C. vulpes. Equus fossilis. 

C. ^small variety). Sus scrofa. 

Fells catus. Ovis or Capra. 

Cervus elaphus. Lepus timidus. 

C. tarandus. Mus rattus. 
Fragment of dermal skeleton of a fish (? sturgeon). 

In the same locality, but in a disconnected fissure 
investigated by Spence Bate in 1865, probably since quarried 
away, remains of tichorhine rhinoceros, horse, ass (Asitius 
fossilis), ox {Bos lonffifroics), deer (small species and Cervus 
elaphus), were obtained. 

Worth was informed that, in 18G1, during "the construc- 
tion of the battery adjoining the grounds of the General's 
house, Mount Wise," fissures were revealed in which bones 
were found. Only remains of deer {Cervm elaphus) and of 
horse were mentioned.^ 

Raised Beaches amd Head. 

Hennah's observations of the Hoe raised beach date from 
its exposure in the cutting of a road round the Hoe in 1816. 
Some years later he wrote: "In many parts of the Hoc, on 
the declivity toward the sea, about fifteen or twenty feet 
above high-water-mark, and in other places also, there is a 
bed of sand and waterwom pebbles, varying in thickness from 
less than a foot to that of two or three cemented together in 
layers," &c.* 

In 1832 De la Beche remarked, "At Plymouth and the 
neighbouring coast there are remains of a beach, of which the 

1 Trant, Plymouth Inntit. and Devon and Cornnall Nat. IltH. Soc, 1881 
Trans. Roy. QeM. Sue. Corn., 1882. 

* Joum. Plymouth Instit., 1879. 

* ' Sueoinot Account of the Lime Rocks of Plymouth/ p. 68. 
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maximum ulovaiion is about thirty feet above high-water- 
tiuirk, sloping gradually to the sea." He then gives a diagram 
of iho Hoc raised beach. The only shells he saw were pieces 
of l^iU'lIm and small Nerita [Mr. Eeid suggests probably 
l^tttorihii obtusitt'i] ; but adds ** Many hundreds were found in a 
cavity of the liniosioue filled with sand and thrown away by 
thi^ quarry men. lieneath the citadel the sand is composed of 
frugincnts of shells." The section figured by him seems to 
liave hcon actually seen, as he says, "is exposed by blasting 
the n>ck» the limestone being taken away in great quantities." 
The bcuch was .^Uiown under a loose breccia of unworn lime- 
stone tragnicnis which masks a low clift' to the foot of which 
tlio In^ach does not extend. The same superficial detritus was 
hUowu in an irn^gular hollow in the limestone on the slope 
above* and is si\id to be devoid of pebbles and sand, and to be 
|m>civsclv similar to the infilling material of the ossiferous 
clefts of (>rt»ston. From this he inferred the existence of the 
t^xtiuct uuuumalia when the beach was raised, and prior to a 
U»ug jhmUhI of surfaiv waste. The raiseil beach pebbles 
** consist of limestone, slate, red s;ind>tone, reddish porphyry/' 
which iHvurs in phui? in another part of Plymouth Sound/ 
and of constituents of the Grauwacke [Devonian] series.^ 

In Iv^'vi^ J. i\ IWUaiuy desi^ribeil the beach* at the Western 
UiV a* *' aUnit *0l^ ft^t in depth/' and " aK>ut 50 feet above the 
pn^etil s«\i/* in eementevi layers of sorteil sediment varying 
"' ft\nu xt'^ry tine sand to tolen^ble-siie^l pebbles."* 

Pr. \liH^n\ in 1S4K s^iid that the raised beach had been 
IIhhi ;ii)itt\V(l entirdy nwnoved by the extension of the adjacent 
^iwrry. We jjive* the are;* oot'upied by it as 100 feet in widtk 
^jiud 40 feet in \lepth y^whieh pn>bably indicates the heigki of 
the r*i>i*sl Wvioh olil!! . and its hei^hc at base as ->> fees abovi? 
Iii|rti-w;*ier sj>ritty lides^ Amon^ the mammAliAtt remaus 
iKetfc rweutly dis*x>Tejred en its upwr puLrt. tea fee: below tke 
s^rt;*%v. "CiAtfcKiA- vvrtebc*r v>f the wWe. ckaid ;h-e lower vxlv^f of 
A Ur^ v\vNi(:erv " are aieu::vHLev: 

1« JtitBte^ 1:^. jk":t*r:irxstts in tie rv*i lec tc •k-e expcem^ 
ei ^bte ^>vs?er:x t^jtr^ o: tie Kruici a: tie ;^nct:i«:ii^ ci ni* r»v 
^iix".sx»tt< v^: tie Hv.v- Tie exrv^tsxTes wvre corerillT ncc^d 
Vv Wcfti, wic ^tvvs tie f,0,^wiasf se«:''xzi: — 



t4ki:!i$»r SiiaSk^ vr^|j^!>» 'iim«o.mv^ w\?i?^ ?*mxiu«M ^f^lu^f^ lu v 1 nri... 1 # 

w^tw v'imtsifQ>?^ >v rxr-n/ttat-^ /c Vine ,'i"«i i >?%:i >«/ iaj?i ol 
inbux^ xiiiT :.c iuil tv ie ?*fmir'»>^i iv 7ias>rji:r Wiai?r » 
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chiefly limestone, in the raised beach above the basement 
boulder bed the occurrence of that rock was exceptional, 
pebbles of red and grey grit being more frequent, of slate 
occasional, of the Cawsand felsite most abundant; the same 

Eroportions equally applying to the finer constituents of the 
each. 

Among the shells in the beach he noted whelk, limpet, 
oyster, cockle, and periwinkle. 

In no other place on this coast is there a record of raised 
beach corresponding in height to that of the Hoe, but whereas 
here exceptional facilities were afforded, by artificial 
excavation, for tracing the raised beach up the higher part 
of its sloping platform beneath the Head, similar aids to 
investigation might well reveal traces of raised beach at 
corresponding heights on the platforms now covered by Head 
between Picklecombe Point and Cawsand, on the Uownderry 
Coast and at Hannafore Point, south of Looe. 

To account for the preponderance of materials from the 
Cawsand coast in the Hoe raised beach, in addition to Worth's 
theory it is necessary to assume that the outflow of the Tamar 
was either dammed by beach sand or shingle or otherwise 
rendered ineffectual to interfere with the deposition of these 
materials on the south side of the Hoe, so that the inset of 
the tides on that part of the ooast would be direct, and in 
the bight of a narrowing channel. We have failed to find 
any indication of the insulation of the Hoe during the Raised 
Beach period, and it is very doubtful if the sea had free access 
to the sites of the present estuaries of the Plym and Tamar 
during that period. 

Near Mount Batten pier there is a trace of coarse consoli- 
dated old beach sand. The lower isthmus connecting Mount 
Batten with the higher ground on the south and east may have 
been a tidal reef during the Raised Beach period. It is now 
covered by a deposit of fine gravel and earthy sand of grit 
quartz and slate to a depth of from eight to ten feet. 

A somewhat similar phenomenon is exhibited in the estuary 
between St. John's Lake and Millbrook Lake, which but for 
embankment would now be connected in a tidal flat insulat- 
ing Southdown Hill. The gentle slope rising upward from 
this flat tract eastward is composed of brown loam and gravel 
exposed to a depth of 10 feet in Inswork Brick pits, where it 
rests on Middle Devonian slates and schalsteins. On the 
south side of Millbrook Lake the steep slopes of the Staddon 
Grits give place to a lesser gradient composed of Head, which 
rests on gravel detritus forming a low terrace near Millbrook 
Pier, and is seen by the road at the houses east of Anderton 
to a depth of 30 feet consisting of red loam with grit and 
slate fragments derived from the Staddon Grits above. 

On the Mount Edgcumbe coast, near The Bridge about half a mile from 
Picklecombe Point, Head forms a fan, opening out from a guUey in the 
steep slope on the west and exnosed in places on the cliffs, where it con- 
tains small angular fragments oi the local rocks in a brown loamy matrix 
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mixed with sand, and at its base at about 15 feet above high wtiter, ooea- 
sionally containing pebbles, no doubt relics of ' Raised &ach ' which is 
engraved on the old Ordnance Geological Map near this.^ 

To the west of Picklecombe Point there is a fine section of Head of 
angular fragments of slate and grit in red loam. At and near its base, 
from 10 to 15 feet above high water, pebbles of red grit (the local rock), 
some of large size, indicate the former presence of raised beach materials. 

At a quarter of a mile from Picklecombe Point a well-marked terrace of 
Head commences and extends thence for a distance of a mile and a quarter 
to Kingsand, forming cliffs of from 10 to 20 feet or more. At the mouth 
of the stream, at the boundary of Mount Eklgcumbe Park, it consists of 15 
feet of red loam, with angular and slightly worn fragments of the local 
grit. At IGO yards or so to the west buff and greenish-grey sand was 
observed under, and partly obscured by, the Head, at about six feet above 
high-water-mark. On a little reef projection from 10 to 12 feet above 
high water, 30 yards further on, red-brown sand with large grit pebbles 
afforded further proof of old beach material under the Head. In places 
for about 10 feet upward from the igneous rock beach reef buff and red 
brown sand may be detected under from 10 to 15 feet of Head, with trap 
fragments in a loam of such a deep red colour that it presents a very 
strong similarity to types of certain rubbly New Red breccias. 

At Cawsand Pier, north of Penlee Point, the old beach platform is 
about eight feet above high water, and supports a Head of brownish and 
greenish loam with angular fragments of the Dartmouth slates. Between 
Penlee Point and Rame Head, a fringe of Head, in places 20 feet thick, 
rests on the old beach platform, on which it forms a small detached cone 
or pinnacle, at a quarter of a mile from the Point. A small pinnacle of 
Head is also visible on the old beach platform on the east coast of Rame 
Head, a relic of the accumulation which has here been denuded from the 
platform, allowing the old cliff to be completely uncovered for 200 yards 
or more. On the west side of the isthmus connecting Rame Head with the 
mainland, and for 250 yards northward, the Head has also completely dis- 
appeared from the old beach platform. The long strip of Head on which 
Rame Coastguard Station is situated forms cliffs from 20 to 50 feet in 
height. It consists of brown loam with angular slate quartz and grit 
stones, and exhibits an appearance of stratification through the occurrence 
of impersistent seams of loam of a paler hue. Toward its base the Head is 
sandy in places, suggesting admixture with old blown sand or beach 
material. The rock reef platforms are at about three feet above high 
water. 

There is Head in the valleys truncated by the cliffs at Long Sands. 
The Head at Portwrinkle consists of angular stones of the local rocks in 
buff and grey loam, and forms a cliff about 20 feet in height, from which 
the land rises gentlj' northward for 30 to 60 yards, fringing the steeper 
slopes and passing up the deeper valleys. At the base of the cliff traces 
of raised beach are visible for a distance of 200 yards. These consist of 
well-worn slate, quartz, grit, and occasional flint pebbles, mostly small, 
with a few large subangular blocks of slaty grit, cemented by blackish 
sand, 18 inches thick in places, which adheres to inequalities in the slate 
reef platform, at from two to five feet above high water. 

At half a mile west of Portwrinkle, a trace of raised beach was noticed 
at 15 feet above high water, under a small patch of Head. Three small 
streams intersect the Downderry Head plateau. In the bed of the eastern- 
most of these the angular stones are cemented by blackish sandy matter 
for about a foot, a probable indication of amalgamation of old beach 
material with Head. The cliff of Head rises westward to a height of 50 
feet, and consists of yellow- brown loam, with local unworn stones. The 
upward slope of the plateau approaches the 100 foot contour in places. In 
the guUey near the Seaview Hotel the material in the lower eight feet is 
finer, and has an appearance of landward distribution, as if shed from an old 
beach stack. At about a quarter of a mile to the west the section shows 
loam with numerous stones on two feet of stoneless loam, on six feet of brown, 

1 In * Pleistocene Notes on the Cornish Coast between Plymouth and Looe, 
Trans. Hay, Oecl, Soe, Com., vol. x. p. 6^ many of these observations are 
recorded. 
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earthy, partly-consolidated, bedded sand, containing numerous pebbles 
and snbangular fragments, mostly small, but rather larger near the base 
at the level of the present beach. On the west of Seat on, Head caps the 
cliffs for a quarter of a mile ; at its base partially consolidated drab sand, 
with occasional pebbles and subangular fragments, about two feet in thick- 
ness, was seen resting on the old beach platform at about five feet above 
high water. Near this the Head presents a stratified appearance for foiur 
feet from its base. 

Toward Millendreath Beach, at about a quarter of a mile from East 
Looe, a patch of Head 30 feet thick forms the cliff, from which it rises to 
the 100 foot contour. For five or six feet from its base the Head is more or 
less sandy, through admixture with old beach material; and beneath it the 
raised beach is represented by from three to four feet of drab-gray sand, 
with occasional pebbles and subangular stones to within a foot of its base, 
at Ave to six feet above high- water- mark, where pebbles are numerous. 

The long strip of Head between the Looe estuary and Portnadler Bay 
is composed of yellowish-brown loam, with local fragments throughout, 
mostly small. It forms a low cliff, from 10 to 15 feet high, near Hannafore 
Point, where the material is used for brickmaking. Its upward slope 
inland probably reaches the 100 foot contour in places. Traces of raised 
beach (buff sand with pebbles) were observed at its base, at about 360 
yards north of Hannafore Point. Near its westerly termination the Head 
contains large fragments of grey slate. 

Looe Island is fringed on the north and east by a strip of 
Head, which forms a gentle upward slope, and broadens out 
on the eastern side, where the house is situated. On the north 
coast, where the Head is about 20 feet thick, and consists of 
drab-browi^ loam with fragments of the local slates and 
quartzites, and quartz, the lower part for five feet is a yellow- 
brown loamy sand, with boulders of quartzite and oceasio^al 
pebbles, evidently an admixture with beach material ; it rests 
on the rock platform at about two feet above spring tide high- 
water-mark. This is confirmed by following the coast east- 
ward to the point where the northernmost patch of diabase 
occurs; here two or three feet of brown sand with worn 
stones is visible on the rock platform, at a few feet above 
spring time high water, under Head, which overlaps and 
conceals it in the vicinity. On the east coast the Head 
attains to about 30 feet in thickness, and it is from 15 to 
20 feet thick near its termination on the south of the house. 

There is a little Head on the old beach platform at about 
six feet above spring tide high-water-mark south of the 
fault in Portnadler Bay. On the Hore Stone reef there is a 
small patch of Head over 100 yards distant from the fringe 
which caps the mainland cliff. At half a mile to the west a 
stack of Head rests on an insulated portion of the old beach 
platform at 30 yards or so from the Head on the mainland 
cliff. Pinnacles of Head detached from the patch fringing 
the west side of Talland Bay are noticeable on the foreshore. 
Near its northern termination fine sand, with a few small 
pebbles, was observed under this patch of Head, but it may 
De nothing more than modem beach sand overlapped by a 
slip of the Head. A low plateau of Head conceals the old 
beach platform in the centre of Talland Bay. 

Patcnes of the Head, for the most part thin, occut here and 
there on the Polperro coast, but no traces of raised beach have 
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been seen on the old rock platform, whicli has been replaned 
in its lower parts and denuded into an irregular series of 
islets in its higher slopes on the foreshore. It must also be 
borne in mind that the raised beach platform was ramified 
by contemporaneous channelling, in witness of which the 
relics of raised beach at the base of the cliffs of Head on the 
level of the present beach, or little above it, at Downderry 
and elsewhere may be adduced. 

Valley Deposits abave Hiffh^water^iark, 

Although the tributary valley bottoms are seldom unaccom- 
panied by alluvial deposits, often occupying a space dispro- 
portionately large to the present tiny brooks and rivulets, 
there is a general absence of deposits marking the earlier 
stages of erosion. In the tidal estuaries the same general 
absence is noticeable, and excepting the somewhat doubtful 
indications at Inswork and Anderton, there is nothing to 
show that these estuaries were entered by the sea during the 
raised beach pcricxl ; we may therefore assume that if they 
existed such indications ha^x? been destroye<l in the subsequent 
deepening of the channels, and that the breadth of the 
estuaries of that period was not greater than at present. 

In the north-cast comer of the map terrace features on 
which no deposits were exposed occur on the east bank of 
the Tavy, rising from about 40 to 100 feet above the alluvium. 

In the West Looe Valley (at Trelawney Mill), between 
Kiln Wood and Sowden's Bridge, a narrow terrace feature 
rises from 10 or 12 feet above the alluvium to the 50-foot 
contour. The deposit exposed by the road consists of from 
five to six feet of angular and subangular grit, slate, and 
quartz gravel of small size, except occasional fragments of 
grit and quartz, in a loamy matrix. Bedding is indicated 
by the distribution of the stones. A similar feature on which 
no deposit was exposed marks the same stage of erosion at 
from three-quarters to a mile above Sowden's Bridge. 

In the north-west corner of the map, at Ashford Bridge, 
a fairly well marked terrace of the Fowey rises from the 
alluvium to a height of about 20 feet. The remaining signs 
of terraces all similarly border the alluvia of the valleys in 
which they occur. No deposits are exposed on them, their 
occurrence being simply indicated by surface contour, and 
often apparently rendered indistinct by Head or wash, the 
same being the. probable cause of the upward slope of the 
terrace features above mentioned. Such contours are seen 
in the West Looe valley east of Dobwalls and in the Tiddy 
valley near Venton House. 

Broad tracts of flat or nearly flat ground are common at or 
near the sources of streams or brooks ; these have been shown 
as tracts of alluvium or Head. 

Examples are to be seen : — At Rame, at Withnoe, near Manadon north of 
Plymouth, by the brook between Leigh and Hatt south-east of Hllaton, at 
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Dtimett Wood east of Qaethiock, at Trehnnsey Bridge, east of Horning- 
tops near Clicker Tor, between Tremabe and Treworgey north of Liskeard 
south of Twelvewood, west of Dobwalls, &c. 

Mr. Codrington refers to the comparatively high ground 
in which the tributary brooks rise notwithstanding their 
insignificant length ; this is noticeable everywhere throughout 
the area. 

The three head sources of the Stonehouse creek stream rise at heights 
of 125, 150, and 225 feet above datum, and converge in the basin-shaped 
depression (south of Pounds on the 1-inch map), in which Stonehouse 
Reservoir is situated. This depression rises nearly to the 125 foot con- 
tour on the north, declining thence to its southern end in a distance of a 
quarter of a mile about 40 feet (1 in 'S3). Its maximum breadth is 260 
yards on the north, decreasing to 130 yards on the south. The rock 
bottom is concealed by pale yellowish brown clay, with small stones. At 
a mUe below this depression the rock bottom is 9 feet above low water, 
and covered with 5 feet of silt. 

On the north side of the cemetery near Stoke Reservoir, a flattish tract 
150 yards long, and from 20 to 40 broad, slopes from about 120 feet above 
datum (near the head of the valley) on the west to 80 or 90 at its eastern 
extremity, whence a tiny brooklet flows southward for about half a mile 
into Stonehouse Creek. A similar clayey deposit occupies this depression, 
and has been used for brickmaking. 

The resemblance on a small scale borne by these tracts and 
similar phenomena near Manadon aiul Treworgey, to the rock 
basins of the creeks and to such depressions as those of 
Millbay and of ''Sutton Pool is striking, with due allowance 
for the effects of marine erosion in inaugurating and subse- 
quently modifying the latter. In this connection it may 
be mentioned that the foreman informed me that in sinking 
Messrs. Polkinghome's Brewery well, near Bedford Street, 
Plymouth, 20 feet of yellow clay with stones was encountered 
on the surface. I am not aware of the occurrence of 
superficial deposits elsewhere on the Devonian rocks between 
Union Street and Sutton Pool. 

Submerged Rock-valleya and Deposits below U igh-vjata'-mark. 

Messrs. Muff and Wright^ have ascribed the erosion of these 
valleys to a period anterior to the raised beach formation 
on the south coast of Ireland. Although the description of 
Queenstown Harbour seems to favour this opinion, and 
analogies to the platform and overlying Head and l>each at 
Great Island are furnished by the deposit on the Mount 
Batten isthmus, and the occurrences at Inswork and Andorton 
already referred to, the view here taken is that even if 
these valleys were tidal during the raised beach period, they 
were not then deeply trenched, but during the succeeding 
elevation. 

From the papers by Messrs. Codrington and Worth the 
following facts are gathered, respecting the depth of the 
rock valleys below low water and their contents: — 

River Tavy, at the S.W.R. viaduct, 08 feet, rising abruptly 
1 in 1^ to the north bank; bottom deposit stiff yellow clay 

I Seient, Proe, Dublin Soc, vol. x., part ii., no. 25, pp. 272, 285 
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with small granite boulders thinning out against the sides 
of the valley, under sand to a maximum thickness of 68 feet. 

Tamerton Lake, at the S.W.R. viaduct, 15 feet. 

Coombe Lake (half a mile north of Saltash), timber 
viaduct, 35 feet; bottom, deposit stony clay about a foot 
thick under about 40 feet of silt. 

Saltash Bridge, borings in 1855, at central pier, rock 
bottom irregular, slopes toward Cornish side 1 in 6, to 76 feet ; 
bottom deposits yellow clay and gravel, gravel, large stones, 
under 24 feet of mud and silt. 

Westonmill Creek, G.W.E. viaduct, GO feet, under 72 feet 
of mud; Hamoaze, opposite Weston Mill Creek, 72 feet. 

Keyham Lake, at half a mile up, 25 feet, silted up. 

Forder Lake, G.AV.R. viaduct, GO feet, under 70 feet of silt. 

Wivelscombe Lake 4G feet, under 5G feet of silt and mud. 

At the G.W.B. viaduct across the Lynher (or Nottar Creek) 
4G feet, under 55 feet of silt. 

At the G.W.ll. viaduct across the Tiddy (St. Germans 
River) 41 feet, under 50 feet of silt. Further west the 
railway crosses the Seat on and East Looe " rock valleys above 
the sea level, which have sections altogether similar to those 
of the valleys now partly below that level." 

At a mile and a quarter from the mouth of Stonehouse 
Creek, where the valley is crossed by the railway viaduct, 
the rock bottom was encountered at 9 feet above low-water 
level imder 5 feet of silt. 

In the sections made during the construction of the Millbay 
Docks, the depth of the rock bottom was proved to be 73 feet 
below low water '* opposite the outer pier, gradually shallowing 
to 48 feet at the wall of the inner basin, and then bending 
toward the entrance of the Old Union Dock, where [it] is 
22 feet." 

Mr. Inglis tells us that " in excavating for the foundations 
of a house in Union Street, near the boundary between 
Plymouth and Stonehouse, a full-sized anchor and part of 
a cable were discovered several feet underground." . 

The Millbay valley was formerly filled with silt to a depth 
of 55 feet at the outer end, and of 27 feet near the entrance 
to the Union Docks. In one section red clay and stones, 
about 3 feet thick, is recorded under the silt. 

The narrow entrance to the Hamoaze at Devil's Point is 
120 feet deep, with a slope of 1 in 2 from the Cornish side. 
" In Sutton Pool the rock side on the west slopes down at 
the rate of 1 in 2 to 60 feet below the level of low water." 

Within 120 feet of the shore off the west pier on the 
outside of Sutton Pool rock was not encountered at 60 feet; 
within the piers a depth of 65 feet to rock bottom has been 
recorded. 

When visited in 1898 the deepest boring at the Keyham 
Extension Works, after passing through made ground of 
slate rubble which for 30 years had compressed the mud 
beneath it, reached the slate rock bottom under 40 feet of 
mud. 
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On a subsequent visit, in company with Mr. Keid, in 
October, 1902, when the cope stood at 14 feet G inches below 
Ordnance datum, the deepest excavation, to 90 feet below 
low water of ordinary spring tides, showed a rock bed of 
grey-buff slates with a general southerly inclination of 
cleavage, overlain by estuarine mud with Cardium edule, 
hinn,, Scrobicularui and Mytilus throughout, Ostreu in places, 
and a little drift wood (oak). 

The rock floor was well exposed on its rivei-ward sIojhj near 
the north end of the works, where its surface is pitted with 
small shallow depressions or miniature rock basins. On the 
landward side piles of hazel and oak were visible, probably 
driven in for a small landing stage or jetty. 

Worth^ tells us that the original waterline before the con- 
struction of Keyham Docks left all the site of the docks 
except the north-eastern corner of what is now the north 
basin below high-water-niark, and at the south-western 
corner of the south basin the rock bottom was 5U feet 
below high-water spring tides and overlain by 25 feet 
of mud. The north-western comer of the north basin is a 
reef of rock (shown on the G-inch map), visible at extreme 
low tides. Worth's informant told him that scarcely any 
vegetable remains were met with in the mud, except in one 
place between the two basins, where nearly a foot of peaty 
matter and an old blackened tree trunk were found. In 
excavating for the north basin a basal fragment of red deer 
antler 8 inches in length and circumference was ** found 
about 7 feet below the surface," according to the label 
attached to it. It is supj>osed to have been used as ])art of 
a pick or the haft of a stone axe, and is figured by Worth, 
as also, for comparison, a deer horn pick of a much less rudi- 
mentary type obtained at a depth of 40 feet in the Cam on 
stream works. 

Near the pontoon on the eastern side of Millbay at Sandy- 
cove, now obliterated, the occurrence of submerjrod forest 
traces has been recorded, by T. (\ lU^llamy,^ but Worth was 
unable to obtain corroboration of this in excavations in the 
vicinitv. 11. (i. Couch ^ alludeil to the discovery of cervine 
remains at Whitsand Bay, on the east of Looe, at TaHand, 
and at Polperro beach. No particulars are given, and it 
seems legitimate to refer their occurrence to derivation from 
submerged forest grounds. 

The tidal mud flats in St. John's Liike, Millbrook Lake, and 
in the Lynher Estuary (near Earth and I nee Castle), could no 
doubt to a considerable extent be reclaimed and converted into 
grazing land. 

The coast between East Looe and Millendreath is most liable 
to waste, as it trends along the strike of the rocks which fre- 
quently dip seaward. 

* ' Raised Beaches and Siibiiierged Forests,' Trans. Plym. //w///. and Drcjn 
and Com, Nat. HUt. Soc., 1885. 

'^ * Nat. HUt. of S. Devon,' p. 108. 

5 Tram, Roy, Qeol.Soc, Corn.^ vol. viL, p. 623. 

WW ^ 
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The coast is more or less protected by the remains of the old 
beach platform ; where this is not the case in Whitesand Bay 
there is a fine stretch of sandy beach. Mr. Inglis points out 
the variation in the beaches, in stormy and calm weather. 
** After a storm Eingsand beach will be raised two or three feet ; 
the surface will be covered with fine sand and a few small 
pebbles.'* A continuation of calm weather lowers it, and it 
then consists of rough shingle. ** The extent of the fluctuation 
is about five feet. The small beaches under the Hoe behave 
in a i)recisely similar manner. On the l)each at the steps we 
have measured a general raising during a night of six inches 
on an ordinary storm, and the sand appears as at Eingsand/' 
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CHAPTER VIII. 

ECONOMICS. 
Wateh Supply and Wells. 

The water- works of Plymoiitli date from L')!)(), when Sir 
Francis Drake caused an open leat, or channel, nearly 18^ 
miles in length, to be constructed, by which the water was 
conveyed from the Meavy catchment basin, near the west 
border of Dartmoor, to the town. At first it was distributed 
in open channels, later on pipes were used, and reservoirs 
were established at Drake's Place, Crownhill, Hartley, and 
Roborough. 

From the same area a contiguous open leat conveyed water 
to Devonport, and a reservoir was afterward made at Stoke. 
In 1864 the question of a storage reservoir was raised, and 
in 1887 and 1889 the Head Weir and Harter schemes were 
successively abandoned. At length, in 1892, the Corporation 
decided, on the recommendation of Mr. Sandeman, their 
watej: engineer, to commence the present works, by placing 
a dam in the Burrator gorge and thereby converting the 
broad valley above it into a lake a mile and a quaiier long, 
covering 116J acres and 77 feet in greatest depth. The 
gathering ground for this magnificent supply is rather more 
than eight square miles. ^ 

Millbrook derives its supply from a reservoir placed in a 
valley at half a mile east of Withnoe, which impounds two 
small streams, the chief of which rises on the border of a patch 
of felsite of AVithnoe and Cawsand type. East and West Looe 
obtain their supplies also by impounding streams in the 
vicinity, collected in reservoirs from TO to 100 feet above 
datum. 

Liskeard obtains its water from streams rising in the 
granite of Bodmin Moors, collected in a reservoir on St. 
Cleer Downs, and thence conducted to the town by gravitation. 
East of Liskeard, at Maudlin, rock similar to that of Clicker 
Tor is said to have been reached in a well sunk to a depth 
of 54 feet. 

The Saltash supply is obtained from a deep boring put 
down at the bend in the road to St. Stephens at rather over 
half a mile west of Saltash Station, by Messrs. Isler and 
Company, to whom we are indebted for ])articulars of the 
deep well sinkings made by them at Saltash and Plymouth. 
The Saltash boring reached a depth of 412 feet, the strata 
successively encountered being as follows :- 

^ Ft. In. 

o 1 £1 v6 ... ... ... *•• ••* .•• OJ. vF 

Slate and spar ... ... ... ... ... 3 

Slate and stono ... ... ... *.. ... 20 

c)iai)i6 ... ... ... ... ... ... *' ^ 

Slate and stone 

oiau6 ... ... ... ... ■•■ ■*. '^ " 

1 'The Barrator KeserToir,' Tran*. Plym. InH., vol. xiii., 1899, p. 73, &c. 
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Ft. In. 

Slate and stone ... ... ... . . • ... 2 

iji.awe ••• ••• ••■ ••• ..* ..• v " 

Slate and stone 24 

Slate rock 2d4 

Slate and spar rock 1 

Diate rocK ••• ••• ... ... ••• •.• ^ " 

Slate and spar rock (quartz) 30 

412 



Lined with 20 feet 10 inch tubes. Water level 8 feet from surface. 
The samples I have seen consisted of pulverized slate, the cores beings 
unfortunately mislaid or destroyed. There is therefore no means of 
ascertaining whether volcanic rocks are included in the above section. 

The following is an account of a well sunk for Messrs. P. K. Vaughan 
and Company at the Brewery, Saltash :— 

Dug well, through slate 

Hard blae rock with white crystalized veins 

Slate with water 

Very hard blue rock with white crystalized 

veins, with water ... 
Slate with water 



Ft 


In. 


40 





14 





66 





14 





33 





174 


6 



Lined with 45 feet 5 inch tubes. 

Water level 42 feet from surface. Yield 2,500 gallons per hour. 

I have seen a core of Plymouth limestone purporting to come from the 
deeper boring, unlabelled and evidently from a boring in Plymouth. 

The detailed section of the Octagon Brewery well in Martin Street, 
Plymouth (already referred to p. 50) is as follows:-- 

Ft. In. 

Pit (slate) 16 

lied and blue limestone 29 

Limestone 3 6 

Ked limestone 1 

White and red spar 1 

IvOCK ••• ••• ,,, ,,, ,,, ,,, 1 {} 

Grey limestone 10 6 

Red limestone 1 

W^hitespar 2 6 

Grey limestone 23 6 

Red limestone 1 

Limestone 12 

Grey limestone 56 

Red marl 19 

Rod marl 6 

Grey limestone 7 

Grey limestone 5 

Red limestone 24 

Grey limestone 1 6 

Red limestone 7 

Grey limestone 5 6 

Red limestone 2 

Grey limestone 44 6 

Red limestone 26 

Grey limestone 126 6 

Limestone (at 447 to 419 feet lissured) ... 37 1 



Total depth ... 469 



Water level 5 feet from surface. Supply obtained at 183 feet at the rate 
of about 6,000 gallons per hour. 
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The chart of the Victoria Spa well, Bath Street, about 150 yards from 
the above, differs in one respect from Worth's account, (see p. 59) 
from which the mention of IM feet of red slate has been omitted. 

Ft. In. 

Earthy clay slate 

xjiuicovULie ... ... ... ... •*. •*• 

A^iue sjouO *.« ... ••• ... ... ... 

Red sandstone 

XvC^U oftCAwO ... .•« ... ... •*. «•• 

Xjiuiesione ••* ... ... ... ••• ... 

sancisLone •*. ••* ».. ••• ... ••• 

Ked and blue slate 

i-zunswODe ••. •.• ... .«• ••• •«. 

Earthy clay slate 

lied sandstone 

This Is taken from the British Association Report of 1841. 
Messrs. Isler & Co. ** think that there is a strong reason to believe that 
many of the blue slates and red slates mentioned above are merely slaty 
limestones." 

De la Beche^ gives the following analysis of the Victoria Spring, by 
Professor Daniel :— 

Grains. 
Chloride of sodium 9C*64 



20 





150 





20 





3 





37 





50 





4 





30 





8 





20 


i) 


12 






Muriate of magnesia 
Muriate of lime 
Sulphate of soda 
Sulphate of lime 
Carbonate of lime 
Carbonate of iron 



18-fi8 
1;V10 
9*55 
8-94 
2-00 
0-09 

151-66 



" Its specific gravity at 62^ is 1013'3 and it contains 81 cubic inches of 
carbonic acid gas in an imperial wine pint." 

A 10-inch boring was put down for the Plymouth Breweries, Ltd., at the 
Regent Brewery, Stonehouse, details as follows : — 



Ft. In. 



AAV... ... ... •*. ... 

Limestone... 

Variegated marl 

Limestone rock, red and white... 
Red marl and stone 



19 





5 





8 


5 


36 


4 


10 






78 9 



Supply plentiful. 

A ^inch boring put down at the Anchor Brewery, Stonehouse, the 
Public House adjoining the Toll Bridge, by Messrs. Isler and Co., yielded 
a plentiful supply of water. The details given are as follows :— 

Pt. In. 

Pit in made ground 3 

Boring ... ... ... ... ... ... 109 

XVjKjK, ... ... ... ... ... ... Tz \9 

Blue rock ... ... ... ... ... ... 13 6 

Blue limestone 2 4 

Blue rock ... ... ... ... ... ... 17 8 



150 



Messrs. Polkinghorne's Bedford Street Brewery well was sunk by 
Messrs. Le Grand and Sutclif!. The details have already been given (p. 61). 

1 • Report,* pp. 517, 618. 



Ft. 


In. 


1 





3 





28 


6 


198 


6 


230 


6 
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The detJiils of their Mutley Brewery well (1897) were oommnQicated by 
Messrs. Le Grand and Sutcliff as follows : — 

Made ground 

(jiiaie ••• ••• ••• ••• •■• ••. 

Shil let and clay ... 

Shillet (hard) and Spar (rock almost vertical) 



Water-level varies from 2 to 9 feet. 

There are numerous springs and shallow wells throughout the area. In 
the village of Antony a well not two feet deep has never been known to 
run dry. 

Mines and Minerals. 

Mining enterprise is practically extinct in the area 
embraced in Sheet 348, although copper occurs near the 
northern margin of the map, and important lead lodes have 
beon extensively worked at Herodsfoot, Menheniot, and on 
the Devon shore of the Tamar, south-west of Beer Alston. 
Antimony was worked near Pillaton and Duloe. 

Copper.- Near the metamorphic aureole on the north' 
]);)i(l(»i' of tlic map, at half a niih' east of Trethinnick, a mine 
burrow, or dump, marks the site of an abandoned copper 
mine. No iiifoiniation was forthroming in the neighbour- 
hood. Its position, however, would lead to the inference that 
the easterly prolongation of the copper lodes on the south 
of, and near, St. Neots, thus far is probable. Messrs. Webb 
and Geach ^ mention a mine called Liskeard Consols worked 
by a Liskeard company prior to 1803, and abandoned after 
incomplete trial. The ])osition, a little south of the green- 
stone on St. deer Downs, suggests identity with the above. 

/>/y/(^/. -The silver-lead lodes of Xorth and South Ilooe 
and of South Tamar Mine, on the Devon shore of the Tamar, 
are the earliest worked in the area. The former crosses the 
peninsula between Haltonquay and Holes Hole on the east 
of Ferry. South llooe Mine is at the point where the lode 
leaves the Tamar coast half a mile west of Holes Hole; 
and North Hooe Mine west of AVhitsom, where it passes 
under the river channel on the north, in a direction S.15^W. 
and N.15^E. The South Hooe Mine is said to have yielded 
as much as 140 oz. of silver to a ton of lead.* The South 
Tamar Mine is about 700 yards east of Weirquay on the 
Tamar bank, and from thence the lode runs N. 2^ to 5^ E., 
through Furzehill Mine and Lockeridge Mine, continuing 
for a considerable distance northward. The Tamar mines 
are said to have yielded £14,646 worth of ore at a cost 
£12,007, in 1841.'^' The water of the Tamar broke in and 
drowned the South Tamar Consols Mine in 1856. 

1 We])b and Geach. * The History and Progress of Minin<; in the Caradon 
and Liskeard Districts.' London 1863. 
« De la Beche's ' Report,' p. 612. 
' J. H. Collins, Trans. Roy. Geol. Sac, Com.^ toI. xii., p. 688 1902., 
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The large proportion of silver associated with the lead ii^ 
these (* the Beer Alston 'j mines was referred to by Dr. J. F. 
Berger in 1811.^ 

An adit suggests trial workings for lead at the bend 
in the stream north of Hole Wood and south-south-west of 
Colly town. 

East of Whitleigh House, south-east of Tamerton Foliott, 
is Wheal Whitleigh, a disused silver-lead mine. The lode 
seems to be intersected by the adjacent road cutting, and 
an old shaft on the border of a tract in which numerous 
blocks of quartz rock occur on the surface may mark its 
continuation at more than half a mile to the north. 

East of Botus Fleming old shafts (probably Wheal 
Hancock Mine), at about 180 yards up the Kingsmill Creek 
from Kingsmill Lake, mark the position of the most easterly 
lead lode in Cornwall at a place called Lower Moditonham. 

An important silver-lead lode has been worked in AVheal 
Mary Ann, a quarter of a mile north of Menheniot, from 
thence it runs north, through Wheal Ilony and Trelawny, 
for three-quarters of a mile to Trehane or Trehan Sett, 
whence with a very slight easterly deviation it seems to run 
northward for more than half a mile to Treweatha Mine, 
and thenre in the same direction to the north border of the 
map on the west side of Trebeigh Wood. 

Three-eighths of a mile east of Treweatha Mine is North 
Trelawny Mine, from which a lead lode runs north through 
Wheal Ludcoti to AVlieal AVrev silver-lead mine on the 
south border of Trebeigh AVood. 

Mr. J. 11. Collins'^ gives the average width of the Wheal 
Mary Ann Trelawny lode as four feet, with an easterly underlie 
of 60^ to 8(P. Volcanic rocks seem to have been encountered 
in the shafts. Mr. Giles "^ reciords carbonate and phosphate 
of lead in abundance in the shallow levels of Wheal Trelawny, 
also crystals of barvtes. In the south part of Wheal Mary 
Ann he mentions the occurrence of a rock resembling elvan 
splitting upward into three branches, and of elvan associated 
with the lode at Trelawnv. The late Sir- C. Le Neve Foster* 
pointed out that there were at least two periods of formation 
of fluor spar in the Wheal Mary Ann lode, the lead ore 
being deposited in an intermediate period and the last minerals 
formed beine quartz, chalybite, and calcspar. Mr. Collins*^ 
states that Wheal Trelawnv was worked from 1844 to 1871, 
Mary Ann 184(i to 1870, Trehane 184:J to 1857. '' The ores 
produced realised close upon one million sterling. '' A brood 
l3elt of ' slidy ground ' was met with in following the lode 
southward. 

The Ludcott and Wheal Wrey lode is said to resemble the 
Wheal Mary Ann lode, and to have a similar underlie. In 
AVheal Wn^v large crystals of barytes and of fluor are 



' Iran*. Geol. Soc.y vol. i., p. 171. 

'^ Tram. Roy. (hoi. Soc. Corn., vol. \ii., p. 690-694. 

^ Ibid., vol. vii., p. 198. 

, Ihid.t vol. ix., p. 152. 

* Op at. 
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recorded, and in parts of Wheal Ludeott " native silver, 
argentite, pyrargyrite, proustite, stephanite, &c., in very 
considerable ([uantities." AVIieal Wiey Consols and AVheal 
Ludeott wore old mines restarted in 18)3 and 1856, and 
united between 18(j-{ and 18()(). ** A run of ' slidy ground ' 
running ea^^t and west, and locally termed a cross course," 
was found to be richly " interspersed with argentite." The 
Herodsfoot Mines were started more than a century ago, but 
re-opened about the year 1844, and worked more or less con- 
tinuously until 1884. The earliest workings seem to have 
been in the tributary valley immediately west of Herodsfoot, 
and all the accounts procurable I'efer to the course of the 
lode [in Middle Devonian slates] to the north and south of 
this. xVlthough South llennlsfoot silver-lead mine is directly 
in line, and said to be on a continuation of the lode, no 
information as to the materials passed through in the levels 
where the lode runs for a quarter of a mile in Lower Devonian 
is foithcoining. Mr. Collins says *' the lode underlies to west 
about 1 in 6, and varies in width from a mere joint 
up to 3 or 4 feet." The quartz veinstone contained iron 
pyrites, blende and bunches of tetrahedrite. 

At about '^80 vards to the south of the old en<>ine shaft 
(where the ore ground after re-opening in 1844 was followed 
down to about 900 feet) a belt of * slidy ground ' was 
encountered in the levels. *' The whole strata," savs Mr. 11. 
( ■. Salmon,^ *' seems to be broken up by a succession of distur- 
bances of a nature between cross courses and slides." This 
broken ground is said to obliterate the lodes, although some- 
times containing detached pieces. " Its width in Herodsfoot 
is about GO fathoms at surface and 30 fathoms at a depth of 
150 fathoms.'' 

" To the south of this belt of broken ground," says Mr. 
Collins, '* as also south of a second 'run' subsequently met 
with near the new shaft, the ore was found to be much richer 
in silver than it had been to the north." From 1848 to 1862 
the output of ore sold is given as 9,648 tons. 

This lode is almost north and south and about a mile long, 
but lead lodes have also been worked on the east side of the 
valley at Herodscombe Mine under the Staddon grit outcrop. 
The shafts south of Herodsfoot Church suggest a north-west 
and south-east lode, and about 400 yards up the same tributary 
valley eastward there is another shaft probably in another 
lode. The * slidy ground ' may indicate disturbances parallel 
to thrusts affecting the Staddon grit outcrop; the inforniation 
is, however, altogether too vague to base anything of struc- 
tural importance on it. 

Mr. MacAlister has supplied the following tables of the 
Mines, and their output. 

The following table is an alphabetical list of the mines 
situated in 1-inch map 348, giving the parishes in which they 

1 Mining and Smelting Magazine^ ii., p. 213. 
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occur, the numbers of the 6-inch quarter 
numerals and letters) and the numbers of 



sheets (in Roman 
the 25- inch maps. 



Mine. 



Cornwall. 

Batterdon 
East Herodsfoot 
Hancock, AVheal 
Herodscombe 
Herodsfoot: 
Hony and Trelawny 
Ludcott, Wheal 
Mary Ann, Wheal 
North Herodsfoot 
North Trelawny 
Penhawgep Mine 
Polrose Mine ... 
South Herodsfoot 
Trehane, WheaL.. 
Trelawny, Wheal 
Treweatha Mine 
West Wheal Mary Aim 
W'rey, Wheal 

Devonshire. 

Beer old Mine ... 
Cleave and Birch Mint' 
Fiirzehill Mine 
Gold Street 
Hancock, Wheal... 
.Fenny, Wheal ... 
Lockeridge Mine 
MarLstow Mine ... 
North Hooe Mine 
North Tamar Mine 
South Hooe Mine 
South Tamar Mine 
Whitestone Down 





1 

Pahish. 






()-inch Map. 


25- in. 
Map. 


• • • 


Menheniotand St. Ive.. 


xxxvi., 


N.E. 


3 


• • • 


Diiloe 


• 




• • • • 

xliii., 


N.E. 


4 


• • • 


St. Douiinick .. 


• 




XXX., 


S.W. 


13 


• • ■ 


Duloe 


• 




xliii.. 


N.E. 


4 


• • • 


Duloe and Lanreath 




1 * * * 

xliii., 


N.E. 


4 


• t • 


Menheniot 


• 




xxxvi.. 


S.E. 


11 


• • • 


St. Ive 


• 




xxxvi., 


N.E. 


3 


• • • 


Menheniot 


• 




. 1 xxxvi., 


S.E 


11 


• • • 


Lanreath 


• 




xliii., 


N.E. 


4 


• • • 


Quethiock and St. Ive.. 


. 1 xxxvi., 


N.E. 


3 


• • • 


' Menheniot 






i xxxvi., 


N.E. 


3 


• • • 


Lanreath 






1 1 * • * 

, xlui., 


N.E, 


4 


• • • 


»» •• 






. 1 xliii.. 


N.E. 


8 


• « • 


Menheniot 






'; xxxvi., 


S.E. 


11 


• • • 


1 

1 »» • •• 






See Wheal Trehane 


• • • 


»» •• 






xxxvi., 


N.E. 


7 


I 


»» •• 






xxxvi., 


S.E. 


11 


• « • 


St. Ive 






' See N. 


Trela 


wny 


• • « 


Boc»r Ferrers (Ferris 




See South Ta 


mar 


% 


»» •• 






See South Ta 


mar 


••• 


,, 






cxi., 


S.W. 


14 


• • • 


,, ... 






See Locke rid^ 


oMine 


• • • 


»♦ • • 






cxi., 


S.W. 


10 


• • • 


»i •• 






cxi., 


S.E. 


11 


• •• 


„ ... 






cxi., 


S.W. 


10 


... 


., 






cxi.. 


S.E. 


15 


* • • 


»» 






cxi., 


S.W. 


14 


• • « 


,, ... 






cxi., 


S.W. 


10 


• • • 


,, ... 






cxi.. 


S.W. 


14 


• • • 


,, ... 






cxi.. 


S.W. 


14 


• • • 


,, .. • 






SeeFurzellill 


Mine 



Output of Minerals^ from 1848 to 1884.^ 



Mine. 



Butterdon 
Herodsfoot 



Lead 
Ore. 



Hony and 
lawny ... 



Lead. 



• • • 

• • • 


Tons. 
2 

19,010 


Tre- 

• • • 


88 



Tons. 
13,i70 



Silver. 



Other 
M inerals. 



Ozs. ' 

616,590 5 tons Wolf- 
ram in 1881. 
17 tons of 
copper ore 
yielding 1 
ton of cop- 
per between 
1881 & 1884. 



60 ' — 



Remarks. 



In 1857. 

Lead ore from 
1848 to 1884. 
Silver from 
lead produced 
between 1853 
and 1884. 



In 1883 & 1884. 



1 Compiled from * Mineral Statiitws of the United Kingdom^' 1848 t<» 1881. 
and General lieport arid Statistici (Home Office), 1882 to 1884. No minerals 
raised since 1884. 
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Mine. 


Lead 
Ore. 

Tons. 


Lead. 
Tons. 


1 

Silver. 

• 


Other 
Minerals. 


Heinarks. 




Ozs. 






Ludcott, Wheal ... 


3,200 


2,180 


105,810 


12 tons silver 
ore. 69 tons 
rich silver- 
lead. 


1856 to 1862. 


Ludcott and Wrey 


1,870 1 1,255 


81,580 


87 tons rich 
silver-lead. 


1863 to 1866. 


Mary Ann, Wheal 


29,600 20,132 

i 


1,126,130 


— 


Lead between 
1848 and 1875. 












Silver from 












lead produced 


» 










between 1854 
and 1875. 


North Herodsfoot 


' 02 48 


673 




In 1881 & 1882. 


North Wheal Tre- 










lawny (Wheal 












Wrey) 


327 221 


3,754 




1 852 to 1859. 


North Wheal Wrey 


10 1 3 


72 


— 


1858. 


Trehaue, Wheal ... 


4,220 j 2,7C7 

i 


57,650 




Lead from 1848 
to 1858. Silver 
from lead pro- 
dncedbetween 
1853 and 1858. 


Trelawny, Wheal 


23,180116,726 

1 

i 

1 


680,740 


920 tons of 
iron pyrites. 
7,230 tons ar- 
senical py- 
rites. 460 
tons of crude 


Lead between 
1848 and 1871. 
Silver from 
lead produced 
between 1853 
and 1871. 










and refined 












arsenic. 




Treweatha, Wheal 


4,236 


2,1)55 


145,366 




From 1853 to 
1872. ^ 


Wrey Consols, 










From 1853 to 


Wheal 


5,435 


3,744 


107,020 




1862. 


Total 


91,270 


63,572 


2,925,385 


Lead since 1848. 




"^^BSbSb 


^^^^^_ 


, - 




Silver since 










1853. 



D. A. MacAlister. 

De la Beclie^ mentioned the discovery of antimony " in 
Pillaton about the year 1819, and 20 tons were raised in that 
year, •)-) tons in 1820, and 79 in 1821." This information is 
derived from Lyson's {Mag. Brit. Devon., p. 290) and leaves 
us quite in the dark as to the actual locality. There are 
some overgrown pits north of Dunstan, but a more probable 
locality is marked by an old shaft with a burrow of dark 
slate l)y the alluvium of the Lynher on the north-east of 
Crendle Down and opposite Newton Ferrers. 

South of Duloe, and half a mile south-west of Tredinnick, 
there is a small quarry in grey slates with some dull greenish 
grit in which I was told that a small bunch of antimony 
had been discovered, probably along a W.S.W. and E.N.E. 

^ * Report,' pp. 616 and 615. 
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fault. There is a " lode at Tredinniek, near St. Urney, on the 
west of that place," mentioned by De la Beche and by Pryce 
(Mineralogia C()rniibiensis, p. 47) as a mine near Saltash from 
which some (under 25j tons of antimony were obtained. ITiere 
are remains of mine workings at Tredinniek, near St. Erney, 
called * Old Lead Mines' on the 6-inch map. 

Building Materials, &c. 

All the Devonian subdivisions have furnished materials 
locally quarried for building purposes. The Dartmouth slates 
and associated grits have been quarried for local building, 
and wall stone, near Polperro, north of Downderry, east of 
Seaton Beach, and near Trewall. 

The variable rocks of the Meadfoot group yield rough dark 
slate or flagstone quarried by the coast near Portnadler Bay, 
east of Pelynt, north and west of Hessenford, near Perdredda 
Wood, &c. The coherent laminse of the fossiliferous shales, 
where joints permit of the extraction of fair sized blocks, 
has been taken advantage of for local building purposes, in 
quarries in the East and West Looe valleys, south of Hessen- 
ford, near Trelowia, south-west of l^ake, near Trethill House 
and Trewrickle (near Sheviock), and on the west of Mill- 
brook. Rough grits are quarried in them opposite AVater- 
gate in the West Looe valley. The arenaceous mudstone 
type of Barcelona quarry, worked to a depth of 40 feet, yields 
a fairly good building stone, as it splits into tolerably thick 
blocks and stands dressing. Generally speaking the patches 
of grit in this series shown on the map present here and 
there stone suitable for local buildings, outhouses, walls, &c. 

The Staddon grits locally furnish a fair building stone, 
especially where the rock assumes the character of a dense 
arenaceous mudstone and can be worked freely, as is the case 
in some of the quarries by the West Looe valley, south of 
Herodsfoot, south of St. Keyne, and between Clicker Tor and 
Tregastick Wood. ^ There are also small quarries in this 
group south of Polbathick and near Maker, and in a large 
quarry above Staddon Point, hard evenly bedded grits exhibit 
conglomeratic bands. 

The Plymouth limestones have been much used for flagstones, 
wall stone and building stones, and the pale red-veined and dark 
varieties furnish ornamental marble used in church decoration 
and monumental work. Large blocks of the limestone have been 
extensively employed in the construction of the breakwater. 
The chief limestone quarries are near Mount Wise, on the 
north-east, on Stonehouse Hill, near Millbay, at West Hoe, 
on the south side of Sutton Harbour, and at Mount Batten. 
Slates and flooring flags have been quarried on the north of 
Polbathick, presumably in Middle Devonian slates with a 
southerly cleavage dip of 8(P, also at Roseland Quarry, west 

1 These coinprifle ** the arenaceous strata," ''readily worked as frc'stonep," 
« in the ricinity of Liskeard." De la Beche's • Report/ p. 491. 
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of Tregrill under an impure limestone bed, the cleavage being 
nearly horizontal. At Bokenna antl Killatown Wood in the 
Fowey valley, at Troliunsey and Hepwell Bridge in the 
(iuoihiock district, at Kilquite near Tilland, at Catchfrench 
Quarry, east ot Tideford Cross, at Borough Quarry west of 
Torpoint, dark slates, presumably in the lower part of the 
Upper Devonian, have been extensively quarried for rough 
slate, flagstone, wallstone, &c. The purple and green Upper 
Devonian slates have been ([uarried at AVivelscombe Slate 
(iuarrv and other places. There is, however, no slate in the 
dislrict to compete with that of Delabole, the stone in 
the quarries mentioned being mostly used for flagging or 
rough building purposes. The Middle Devonian strata south 
of Liskeard ami rocks of the same type west of Quethiock 
have been extensively quarried for local building stone. The 
coherence of the cleavage planes between readily separable 
floors give the rock a tolerably thick-even-bedded appearance 
and a certain density of texture. This type is quarried north- 
west of Bosent, south of Liggars, near Merrymeet, Trembraze, 
Island Shop (s(mtli-<'ast of Liskeard), Ladye Park, Looe Mills. 
On the east si<le of the East Looe vallev — s(mth of Lamellion 
(at Combe Cottage), nn<l south and west of Gormellick. On the 
west of the Last Looe — between Moorswater and Lametton 
Mill, at Moorswater by the railway viaduct, west of Lamellion, 
at Trussel Bridge, and in numerous quarries by the tributary 
valleys between Boduel and Pounda. In these quarries the 
stone often splits, thnmgh more or less regular jointing, into 
prismatic blocks and yields large tabular masses in places. 
When laid with the cleavage planes horizontal these blocks 
make a very fair buildine: stone. The Culm greywackes 
between Amy Down and Trewashford yield building stone 
(freestone), and have also been quarried near Crist, and 
Crocadon. The El van, near Collytown, and east of Lopwell, 
yields serviceable building stone. 

The contemporaneous volcanic rocks are sometimes avail- 
able for local building purposes, as for example the St. 
Germans schalsteins, the schalstein of St. Budeaux, and the 
schalstein tuffs north of Weston Mill, but as a rule the 
igneous rocks arc mostly quarried for roadstone. 

Roadstone, 

The best materials are furnished by the hard dark green- 
atones, including the proterobases, dolerites, and diabases. 
The proterobases of Forder Creek and the banks of the Lynher 
(Grove, Treluggan, &c.) are largely quarried, and these and 
the diabase quarries at Burraton Coombe and Poldrissick are 
the most important roadstone quarries in the district, owing 
to facilities of transport. Nearly all the hard masses of 
greenstone and the harder and less schistose varieties of basalt 
(as in the quarry near Devonport Workhouse) have been 
quarried for road metaL 
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The Trachyte of Bin Down, and the elvan near Collytown 
and Lop well, are used for road metal. The ielsites of Caw- 
sand and Withnoe have been largely quarried for the same 
purpose. 

The Lower Culm cherts are quarried for roadstone near 
Amytree, north of Newton Ferrers, between Herod Down 
and Pillaton, east of Pillaton, north-west of Polborder, &c. 

Lime, 

The Plymouth limestone was formerly conveyed in barges 
up the river and estuaries and burnt for lime manure. This 
practice accounts for many disused lime-kilns met with far 
away from limestone. It is still shipped to parts of Western 
Cornwall to be burnt for lime for building pui-poses, &c. The 
large manure works of Messrs. Burnard, Lock and Alger are 
in the Cutdown limestone, chiefly quarried in the adjacent 
map (349), 

Bricks, Sfc, 

In the brickyards of Inswork and JFoss, by the inner end 
of Millbrook Lake, the Middle Devonian slates are crushed 
and used for brickmaking; they are associated with schal- 
steins which have also been crushed, but make very inferior 
bricks. The shites are grey, argillaceous^ and bull-weathered. 
They are also quarried at Southdown for the same purpose. 
The surface slate on the north border of the limestone is 
worked for brickmaking, on the east margin of the map, at 
Sutton Pool harbour, and in the small brickyard by the 
cemetery near the reservoir at Stoke. At Hannafore Point, 
near West Looe, the low cliffs are composed of from 10 to 
15 feet of Head of pale yellowish-brown loam with local 
stones mostly small. This material was used for brickmaking 
in a brickyard at the Point. 

(■lays. 

Clay suitable for puddling is encountered south-east of 
Liskeard at the liead of a valley on the east of the high 
road near Cartuther, between St. John's and Penhale, -and 
south of St. John's at about a mile east of Higher Tregantle, 
probably on a fault line. By Bladderly Lane, near Ivy 
Cottage, north of the quarry near Devonport Workhouse, 
Mr. S. Newton, the surveyor, informed me that a vein of 
good puddling eh\y had been encountered. 

Although no china chiy occurs in Sheet -UtS, the founda- 
tion of the china clav industry was established in Plymouth 
by Cookworthy. Among masses of granite brought from 
Tregoning Hill, in Breage, for the construction of casemates 
in the (-itadel, he detecteil the china stone, or pt^tuntso of the 
Chinese, between 1745 and 1750, and took out ** his patent for 
the manufacture of Plymouth china in 1708."* 

^ See Paper by R. N. Worth, * The Cla' a and Fictile Maimfacturos of Devon 
and Cornwall.' fibth An^. Ri^p.of Bo^- ^'*^'^- l*ohjtechnie Sot\, 1887. 
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PmnJt. 

The purple and green Upper Devonian slates of Wivels- 
combe quarry are now worked. After being ground up and 
mixed with other materials they produce a deep red pigment. 

Agriculture. 

The natural capabilities of the soils in Sheet 348 are very 
variable. The Dartmouth slates, and the Upper Devonian 
slates, where not associated with calcareous material (as in the 
Botus Fleming valley), or with contemporaneous or intrusive 
igneous rocks, often make very thin soils, but this is much 
less frequently the case in the more variable materials of the 
Meadfoot group. In the volcanic districts, on the other 
hand, between Plymouth and Liskeard, the soil is often thick 
and rich. T^ntil recent years town manure was so extensively 
used on the shores of the Tamar and its tributaries, that pure 
country air became mythical. There is more grazing than 
arable land in the area, but in the volcanic districts the latter 
often predominates. Strawberries are grown with success on 
the steep slopes of the Upper Devonian slates, between Halton- 
quay and St. Mellion. 
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Hancock, Wheal, 135, 137. 
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Hinde, Dr. G. J., S3, 146. 
Hoe,T)ie,7 51,56.60,116—123,130. 
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Hole Wood, 135. 
Ho]], Dr. B. B,, 3, 4, 6, 40, 145. 
Holne Bridge, 82. 
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Home, Sir K, 143. 
Honey's Quarry, 84. 
Honieknowle, 5. 
Hope's Nose, .52,54,56. 
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Igneona roclu In the Lower DevonUn, 

46-49. 
Middle Devonian, 

67— 9i 

— tapper Devonian, 

90—102. 
Il8ham,55,73. 
Impacotnbe, 50, 67, 61, 62. 
Inoe Gsstle, Brake, 7, 78, 75, 80, 129. 



iin>Ex. 



161 
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Brick pits, 18,38,42,62, 123. 
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Ireland, 3, 118, 127. 

Island Shop, 140. 

Islcr & Co., Messrs., 59, 74, 131, 133. 

Ivybridge, 13, 68. 

Ivy Cottage, 141. 

Jenny, Wheal, 137. 
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Jones, Prof. T. R., 80. 146. 
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Lankester, Prof. E. R., 145. 

Lanreath, 137. 

Leek Bed Bay, 41, 46. 

LeGrand and Sutcllfif, Messrs., 61 , 

133, 134. 
Leigh, 126. 

Lemon, Sir Charles, 6, 144. 
Liggars, 65, 140. 
Lime, 141. 
Limmicks, Looe, 26. 
Lincombe Hill, Torquay, 37, 38. 
Liscawn Farm, 37. 
Liskeard, 1, 4-7, 9, 16, 34, 61, 66— 

70, 83,90, 93, 119, 127, 131, 139, 

140, 141. 
Middle Devonian District, 

6^1—69. 

Consols Mine, 134. 

Lizard, 111. 

Lockeridge Mine, 134, 137. 
Lollaberry Quarry, 8, 96. 
Longcoe, 31. 
Longoombe, 44. 



Long Sands, 18, 24, 124. 

Long Stone, The, 47. 

Lonsdale, W., 2, 143. 

Looe, 1—3, 5-7, 9, 10. 19, 26-30, 

32, 33, 35, 37, 40, 48, 66, 123, 129. 

Estuary, 22, 25—27, 125. 

Island, 1, 7, 19, 25, 26, 48, 49, 

125. 

Mills, 140. 

Looking Gla&s, 93. 
Looseleigh House, 79. 
Lopwell, 8, 91.140, 141. 
Lostwithiel. 3. 
Lower Anderton, 57, 62. 

Compton, 87, 90. 

Culm outliers, 10, 15. 

Devonian, 7, 11, 18—46. 

Dunscombe, 73. 

Moditonham, 135. 

Old Red. 26. 

South Devon Group, 3. 

Tregantle, 37, 38. 

Trenodts 35. 

Treveria, 31. 

Ludcott, 79. 

Lummaton, 50, 52, 53, 73. 

Lydcott Wood, 19, 27. 

Lynher Valley, 1, 4. 8, 15, 43, 63, 80, 

84, 89, 99, 100, 104, 118, 128, 138, 

140. 

Creek, 42, 47, 73, 80, 129. 

Lyson, 138. 

MacAlister, D. A., 136, 138 
McCoy, Prof. [Sir] P., 6, 40, 65. 
Maker, Church, Farm, 7, 8, 18, 41, 

112, 139. 
Manadon, 126, 127. 
Mannamead. Plymouth, 87. 
Man Sands, 3. 
Manure Works, 141. 
Maristow Mine, 137. 
Markwell, 63, 77, 80. 
Martin Street, Plymouth, 59, 132. 
Matthews'Restaurant, Plymouth,61. 
Maudlin, east of Liskeard, 67, 131. 
Meadfoot Group, 27—40. 
Meadsfoot (Meadfoot) Sands, 5. 
Meavy catchment basin, 131. 
Menheniot, 2, 4,5,9, 11—13,75,78, 

79, 93, 99, 101, 102, 134, 135, 137. 

Station, 8, 64, 66, 91. 

Merrifteld, 93. 

Merrymeet, 13, 50, 68, 93, 140. 
Middle Devonian, 50-69. 
Millbay, 51-53, 59, 60, 127, 130, 139. 

Docks, 117,128. 

Millbrook, 1, 7, 18, 19, 21, 22, 37,38, 

42, 47, 50,. 131, 139. 

Lake, 41,42, 123, 129, 141. 

Millendreath, Beach, 5, 19, 22, 28, 

29, 31, 33, 35, 40, 47, 48, 1 25. 
Millendreth, fee Millendreath. 
Milne-Edwards, H., 144. 
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Mlnard, 32. 

Minards Cross, Chapel, 3, 27. 

Mines and minerals, 134 — 139. 

Moditonham Quay, 78. 

Molenick, 8, 93, 101, 102. 

Monk's House, 25. 

Monticuliporoid limestone, 5. 

Moore, Dr., 116, 120, 122, 143. 

Moorswater, 65, 140. 

Moreleigh, 44. 

Morval, 29, 30, 48. 

Mothecombe type, 24. 

Mount Ararat, 109. 

Batten, 3, 5, 11, 51, 56, 59, 62, 

69, 116, 120, 123, 127, 139. 
Coast, Coastguard 

Station, 16, 40, 56. 

Eidgcumbe, Park, coast, 7, 9, 



11, 18, 46, 50, 56, 61, 62, 98, 116, 

117, 123, 124. 

House, 41, 47, 69. 

Wise, 51—53, 57-59, 121, 139. 

Muchlamick, 20, 26, 28. 

Muflf & Wright, Messrs., 118, 127. 

MuUion Island, 97. 

Murchison [Sir], R. I., 2, 3, 6, 143, 

144. 
Mutley, 22, 61, 73, 77, 81, 134. 
Mutton Cove, 50, 52, 53, 55. 

Nail Point, 74, 78, 80. 
Narkurs, 48. 
Naval Barracks, 77. 
Needles' Eye, Looe, 26. 
New Cut, Mount Wise, 53. 
Torquay, 38. 



Down, 108. 
Park, 31. 



Red Sandstone period, 111 — 

115. 
Newton, E. T., 30, 32, 80. 

S., 141. 

Abbot, district, 14, 16, 73, 77, 

110. 

Ferrers, 14, 103, 104, 138, 141. 

Nob Quay, 90, 92. 
No Man's Land, 31. 
Northdowns Wood, 109. 
North Herodsfoot Mine, 187, 138. 

Hooe,93. 

Mine, 134, 137. 

Ferry, 8. 

Trelawny Mine, 135, 137. 

Wheal Trelawny (Wheal Wrey), 



138. 



Wrey, 138. 



Noss Point, 31. 
Nottar Creek, 128. 
Notte Street, Plymouth, 60. 
Notter, 5, 77, 78, 91. 

Oakpark Wood, 108. 

Octagon Brewery, The^ 59, 132. 

Old Mills, Looe, 20. 



Old Mills, Red Sandstone ash, 3, 5. 

Union Dock, 128. 

Oreston, 7, 122. 
OrthophyreSf 114. 

Output of minerals, 1848-1884, 137, 
138. 

Padderbury, 12,63,81,93. 

Padderda Wood, 13, 15, 85, 86. 

Padstow estuary, 74, 79, 118. 

Paignton, 5, 44, 61. 

Paint, 142. 

Painter's Cross, 4, 14, 15, 81, 103, 

105, 107, 109. 
Park Wood, 104. 
Passage Point, 93. 
Pattison, S. R., 4, 6, 145. 
Peach, C. W., 5, 6, 25, 31, 32, 34, 40, 

143—145. 
B. N., and J. Home, Messrs., 

83,146. 
Pelynt, 11, 19-21, 28, 34, 40, 139. 
Pendean, 70. 
Pendruffle, 45. 
Pengelly, W., 2, 26, 111, 144, 145. 

Mrs., 26. 

Pengover Green, 16, 64, 68. 
Penhale, 42, 62, 70, 141. 
Penhawger, 68, 

Mine, 137. 

Penlee Point, 22, 44, 124. 
Penpoll, 75, 86. 
Penquite Quarry, 8, 96. 
Penslpple, 43. 

Pentillie, 13—15, 103. 106, 110, 118. 
Pentire Haven, 73, 74, 77. 

Point, 96, 97. 

Penwell Cottages, 81. 

Perdredda Wood, 19, 30, 32, 64, 139. 

Petherwin Beds, 4, 6. 

Petitor, 56, 73. 

Petrography, 49, 71, 72, 94—102,114, 

115. 
Phillips, J. A., 4, 5, 70, 84, 85, 87, 88, 

90,91,93,96,97,99,145. 

Prof. J., 3, 6, 40, 107, 144. 

PicWecombe Point, 7, 41, 43, 46, ill, 

123 124. 
Picrite, 5,* 13, 101, 102. 
Pigshill Wood, 41. 
Pillaton, 7, 8, 10. 13, 14, 103—106, 

108, 109, 126. 134, 138, 141. 

Mill, 13, 98. 

Pillow lavas, 92, 97. 
Plaidy Beach, 29. 30. 

Plant traces in Staddon grits, 41. 
Plashford, 20, 28, 34. 48. 
Playfair, Prof. J., 2, 143. 
Plough Inn, Duioe, 34. 
Plym estuary, 24, 123. 

Watershed, 120. 

Plymouth Breweries, Ltd., 183. 

MiddleDevouian district, 50— 

62. 
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Plymoatb Sonnd. 1, 11, 40. 41, 116, 

119, 122. 

Water Works, 131. 

Plymatock, 05, 

Pdeombe mck, 112. 

P6mt BoniU. GmllfomU. 06. 97. 

Vblbftthick, 18, 43, 50,63. 64. 6'J. 139. 

Bolborder, 14, 79, 81, 103 108. 141. 

Fdldrissick, 8. 84, 85, 89. 95, 98, 140. 

Pdlean, 19. 

Bilgorer, 35. 

FMkinifho Qe*iBrewecT,61, 127,133. 

PdlUrd, Dr. W., 96, 100. 

Ptolperro. 1, 3, 5—7, 9. 19. 21-23. 

25; 28, :i9, 48. 125, 12J, 139. 
Ptolperer, 48. 
Ptolroae Mine, 137. 
Ptolnuui,39. 
Pblvaui Crosa, 44, 
P61 jne, 32, 40. 
FboU21. 

Pope's Bf ill, 4, 93L 
Pbrt Eliot, 63, 80. 
PlorthUlej, 75. 
Port Isaac, 96, 97. 
PbrtIooe,28,3I, 32. 
Pbrtnadler Bay, 1,3, 19, 20—23, 25, 

27, 48, 125, 139. 
-- — fsalt, 20-22, 25. 27. 32, 48. 
Portwrinkle^ 7, JI, 21, 23-25. 35, 

47,124. 
—'fault, 11—13. 18—22, 24, 25. 

27— 3a 32, 35-37, 43, 50, 63, 64, 

66,69. 
Ponnda, 140. 
Pbands, 77, 127. 
Pridcaox, John, 2, 143. 
Pr«g> Victor, 6a 
Princess Place, Square, Plymoucb, 

60. 

Praspeet Hall, H. 

Pioterobase. 5, 96—100. 1 W. 

Pradential BaUdings, Pivinoath,GO. 

PiToe, W., 139. 

PteratpU, 19, 21, 22, 24— 2Pi. 

Poeklepit Bridge, 43. 

Qaeeasr Point, 46u 
Qneenstown Harboor. 127. 
Qoethioek. 15, 50. 64. fji, 09, 75. 79, 
81, 127, 137, 140. 

Radlej, S. G., 101. 
Baglan Barracks, 8, 53. (Yk (^ii. 72, &5. 
Raised beaches and Head, \H—i'^^3. 
Kame, 7, 126. 

Coastgoard Station, i;. 24. ll'4. 

Head. 1. 21, 22. 24, i»;. iO. lli k 

RaTen Rock, 29. 

Resdin^r. Mr.. 111. 
Redding Point. 41.57. 
Ree Pdint, Looe, i?*;. 
Begent Brewerr. <: r.<.-:. ■ >'-- !':i .. 
C\ 122,121. 



Reserv'oir, near West Looe, 33. 
Revelbtoke Coast, 23. 
Kiug^more typo, 36, 48. 
Roadbtone, 140, 141. 
Koborough Down, 91, 03. 

ReserToir, 131. 

Rogers, Rev. J., 5. 
Roman Catbolio Chapel, 32. 
Rosedale,ll,12,63,69. 
Rosoland, 5,66-68, 79,81, 139. 
Rosen busch. Prof., 95. 
Rotterdam ClifF (Talland Bay), 23. 
Rouse, 14, 103, 105, 108, 109. 
Royal Albert Bridge, 8, 70, 9^, OS, 
100,116,117,128. 

Theatre, Pljmoatb, 60. 

Ramleigh, 118. 

Ryland's PlanUtion* 106. 

St Andrew's Churehyard, Churchy 

Plymouth, 5, 61. 
St. Ann's Well, 20,48. 
St Austell, 93. 
StBudeaux,A5,8,9, 77, 81, 82,95» 

140. 
St. C*leer, 5, 131, 134. 
St Erner, 4, 6, 10, 15, 16, 83-85, 87, 

90. i:i9. 
St George's Hall, Stonehouse, 51— 

53. 
St Germans, Park Sution, 1, 12, 

16, 6:i, C9, 79, 80, Ua 

Hut, 1. 

Middle Devonian district, 63» 

C4. 
St. iVe, 130. 
St. John's, 18, 19, 38, 30, 42, 47, 62, 

70, 141. 
Creek, Lake. 11,62, 09,79, 123, 

123 
St Kevne, 7. 18, 39. 44, M, 130. 
St. Martin, 29,31.48. 
St. -Million, 4. 0. 7, 10, 13. 14, 10, #9, 

bl.SiM'jri. 107— 110, 142. 
St N*:«its, ^V5, i:^. 
St Nuiis Well J^« St Ann s Welt 
St. PIr.*v.ok, 65. 
St. St*fphc:/s, 9, 16. 77, 01, 131. 
St. F;rriHr. «<<? St. Km^y. 
SalfT.on, \L C. l-'iC. 
S.lt'i^h, 1.4.^.0, 14.15.S?, 8.^90 - 

Oilfo-07.117. i:^. 

Briery, 74. 132. , ,. ^ 

P,ri.j;z'r, iw?*! Royal Albert 



^i'-er. J- '•^'.. *'7. nii. 

-.'.i ■'.■. ll■'• 



164 IN 

SiDgo'Polnt.flS, 8S,79. 
SaUDton, 117. 
Scahbaeomb© Head, 87. 
Scapluapis, 26. 
SehalBlein, »4, 102. 
Sconner House, 43, 63. 
Scraeadon Kort, 11,38.42. 
Seaton Beach, 23, 25. 47, 139. 

Vallev, 1,7,8,13. 19.27,28,31 

35, 48, 07' 70, 78,93, 125, 128, 
Seaview Hotel, Downderry, 124, 
Sedgwick, Prof. A., 2, 3, 6, 143, 144. 
Sewage Works, Plymoulh, 60. 
Sharrow Point, I, 21, 22, 24, 35.46, 

■ 47. 

Shorborn, C. D., 147. 

Sheviock. 18, 38, 39, 43, 47, 118. 139. 

abilllngbnTn, 100. 

Short* Cross, 20, 48. 

ailvep-lead 134—138. 

■Blapton Knuda. 3. 

Slip Wood, 65. 

Smeaton, 107. 

Sound, ate Pljmoinli Sound. 

fioBthdown, 42, 62. (•>», «23. 141. 

Soutli Merodsfoot Mine, 45. 136, 137. 

Hooo Mine, 134. 137. 

Tamar Mine, 1S4, 137. 

ConsoU Mine, 134. 

■- — Western Railway cuttin([8, 74, 
75. 

■ Wood, near Lopwell, 91. 

Sowden'a Bridge,34, 126. 
Spence Bate, 121. 
'Spencecombe, 1 13. 
Spilite, m, 101. 
StaddoQ, coast, 18,36,41, 42. 
' Point, 7,41,139. 

Grits, 3, 11,40-46. 

'Start I'oint, 3. 
fitepsliill Wood, M. 
Stoke, (11,81,127, 131,141. 
Stonebouse,!. 52-54, 56, 59, 120, 

■ 127, 128, 133,139. 
Stony Bridge, 6(1, (J7. 
Storriclge Wood. 44. 
Structural fanlts, 9, 10, 
Structure ot the limestones ot Klount 

Wise and Catdown. 58. 
Stytioia, 12, 67. 68. 74, 75, 78-81. 
Sutton Pool, 55, fiO, 127, 128. 13'J, 

141. 

TalUnd, 5, 6, 9, 19. 21. 23, 25, 26. Z2 

73. 125, 129. 
Tamar river, 1, 7, 8, 13—15, 73, 79— 

82, 89. 90, 93, IOC, 110, 117, 118, 

134, 142. 
Tamer ton, »ee Tamerton FoliotL 
Creek, 15,77,78,81,128. 

Foliott. 1, 4, 0, 10, 15, 77; 79, 

81. 107, 13.5. 

Taunusian. 18. 
Tavistonk, 74, 83. 



TaTy riv^r. 1, 7. 77. 79, 81, 1X7, 121. 

125, 126, 127. 

Tenll, Dr. J. J. H., 5, 49, 72, 77,«8. 
89, 03, 90-98, lOl, 107, 114, 146. - 
Test's Hill, 51, 56. 
Tencreek 32. 
Thancke's House. 80. 
*■ The Bridfte," 41.117, 123. .. 
Thornhill. 77. 
Thorn Point. 82. 
Thnringift. 72. 
Tlddeman, K. H.. 118. 
Tiddy river. 12, 15. 63, 80, 85, 86, 

126, 128, 

Tideford, Pii. 69, 77. 78. 80. 95. 140. 

Tilland. 12, la, 98,80,80. 140, 

Tintagel, 82. 

Tiverton, 111. 

Toll-bridpe. Stooehouse. 133. 

Tomboy Hill. Aathonv Park, 93. 

Torcross, 29, 48. 

Tor Down. 104, 

Torpoint, 1. 2, 11,61, 74. 77, 80,93, 

140. 
Toniuav. 2, 5. 27,31, 50, 73. 
Tor Hock, 107 
Totnes, 46. 

Trebeigh Wood, 13, 79. 135. 
Trecorme. 68, 70, 
Tredinnick. near D>iloe,20.28,138.- 

nenrHessenford. 27,31. 

near Ht. Urney (Ernt^), 13fli 

Tredis. 43. , . — 

Tredrossel, 47.. 

Tregantle,7,9, 11, 18, 24, 35,37— 

40. 47. 
Tr««aatick Wood, 139. 
Trcgoiihawke Olill, 21, 24. 
Tregondale. 75. 
Tregoniug Hill, 141. 
Tregrill. 13,67,08,79,140. 

Quarry, tee lioseland Quarry. 

Trehan, 84,90. 

Kett. see Trehane. 

Tcehane, 135, 137, 138. 
Trehnwke, 81. 
Trebill, Wood 81,105. 
Trehunist. 81. 86. 

Trehunsey Bridge, 15,93, 100, 127, 

140. 
Trehurst, 81. 

Trelawne. 19. 21, 29, 34, 40. 
Trelawney Mill, 126. 
Trelawney. see Trelawne. 
Trelowia,31. 139. 
Trelnggan. Wood 5, 8.84, 93, 140. 
Tremabe, 5.13. 119,127. 
Ti-eniatoii. 90. 

- Castle, 84, 89. 
Trfiiiajiie. 34. 
Trembrize, 07, («, 140. 
Tren.int Park 19. 30. 34, 48. 

Wood. 21). 33. 80. 

T«-nodd..'».78. 81. 
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TrerulePoot, 63, 80. 
Tresandra, 13. 

Treskelly Quarry, 12, 63, 80. 
Trethawle, 16, 66, 69, 70, 72- 
Trethill House, 37, 139. 
Trethinnick, 13, 134. 
Trevartha, 68. 
Trevelmond, 46, 64, 65. 
Treviddo, 66. 
Trevollard, 15, 90. 
TrevoDe, 12, 74. 
Trewall, 139. 
Trewandra, 77. 
Trewartha, 13. 
Trewashford, 104, 108, 140. 

Treweatha Mine, 135, 137, 13". 

Trewidland, 43. 
Trewin House, 43. 
Trewinnow, 9, 24, 46, 49. 
Trewint, 75, 84. 
Trewolland, 70. 
Trewoodgate, 68, 79. 
Treworgey, 28, 90, 127. 
Trewpickle, 11,18,37,139. 
Treyone, 12, 74. 
Trusham, 104. 
Trussel Bridge, 65, 66, 140. 
Tuckenhay Creek, 56. 
TuelmeDua, 65. 
Turnchape], 56. 
Twelvewood, 127. 

Ugbrooke Park, 16, 107. 

Underways Quarry, 64. 

Union Street, Plymouth, 127, 128. 

Docks, Plymouth, 128. 

Upham, 103. 

Upper Devonian, 73—94. 

Petrography, 94—102. 

Ludlow fish, 5, 6. 

South Devon group, 3. 

Uralitisation, 98. 

Ussher, W. A. E., 53, 97, 99, 101, 145 
—147. 

Vaughan & Co , Messrs. F. R., 74, 
132. ' 

Venton House, 68, 126. 

Wood, 95. 

Victoria and Albert Bridge, see 

l^yal Albert Bridge. 
Cottages, 54. 

Spa, spring, 59, 133. 

Vinegar Hill, 81, 105, 109. 
Viverdon Cott, 2, 14. 

Wackar Lake, 43. 
Waddon Barton, 104. 
Wallace, Looe, 26. 
Warberry Hill, Torquay, 37, 41. 
Warleigh Barton, 79. 
Warren Point, east bank of River 
Tamar, 7, 73, 75, 79. 



Warren Point, Sheviock Creek, 43w 
Watergate, 19, 139. 

Bay, anticline, 10, 73. 

! Water supply, 131—134. 

works, Plymouth, 131. 

Watts, Prof. W. W., 82, 87, 93. 
Wearde-Efford type, 82—90. 

grits, Greywackes, 4, 6, 10, 14, 

15, 17, 83, 87, 90. 
Quay, 8, 15, 16, 82—91, 100, 

108. 
Webb & Geach, Messrs., 134, 145. 
Weir Head, 118. 

Point, quay, 78, 81. 

Western Hoe, 122. 
West Hoe, 139. 

Looe, 1. 32, 131, 141. 

Valley, river, 20, 34, 48, 

120, 139. 
Westnarth Wood, 48. 
Weston Mill, 92, 93, 95, 140. 
Westonmill Lake, creek, 89, 90, 92, 

128. 
Westphalia, 72. 

Westwell Street, Plymouth, 61. 
West Wheal Mary Ann, 137. 
Wheal Hancock Mine, 135, 137. 

Hony and Trelawney, 135, 137. 

Ludcott, 135—138. 

Jennv, 137. 

Mary Ann, 135, 137, 138. 

Trelawney, 135, 137, 138. 

Wrey, 135, 137. 

Consols, 136, 138. 

Trehane, see Trehane. 

Treweatha, see Treweatha 

Mine. 
Whidbev, Jos., 143. 
Whidborne, Rev. G. F., 52. 
Whiterocks Plantation, 24. 
Whitesand Bay, 1, 3, 7, 9, 26, 40, 129, 

130. 
Whitestone Down, 137. 
Whitleigh Hall, 107, 135. 
Whitley, N. , 144. 

Whitsand Bay, see Whitesand Bay. 
Whitsom, 93, 94, 134. 
Widey 5. 

Wiggle Cliff, 23-25,46. 
Williams, Rev. D., 3, 144. 
Wimpole Street, Plymouth, 61. 
Windsor Lane, Plymouth, 60. 

Wood, 44. 

Windsworth, 19. 

Withnoe, cliff common, 8, 9, 22, 24, 

38, 40, 47, 91, 111-114, 126, 131. 
Wivelscombe Lake, 128. 

Quarrv, 80, 140, 142. 

WolborouKh, 50, 52, 53, 73. 
Wolsdon House, 42, 62, 70. 
Woodlands, 109. 
Woodward, Dr. A. Smith-, 26, 147. 

Dr. H., 145. 

H. B., 145. 
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Woolboroiie:h, see Wolborough. Wriogworthy, 20, 28, 34, 48. 
Worth, R. H., 113, 117-119, 127, 146 Wyatfc-Edgell, £., (S, 145. 
R. N., 2-0, 47, 50-53, 59, 09., Wyatto Way, 41, 42. 

70, 72, 76, 77, 79, 82, 84, 87-^, 98, Zaphientids, 54. 

94, 97, 107, 111. 112, 110, 117,119— Zlon Street, Plymouth, 00. 

123, 120, 130, 133, 145, 116. Zirkel, Prof. F., 95. 
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DISTRICT MEKOIRS. 
MEMOIRS of the GEOLOGICAL SPRVKY OK GREAT BRITAIN. Vol. I. ES.«(AYS by Db LA BBOHB and Othen. 
21*, Vol. II. Part 1.. MALVKUN IlfLI/*. By J. Philups. 21#. I»art 2, KHdAYS, 2lJ. Vol. III. ». WALES. 
By .^m A. C. R.1MSAY. App., by J. W. SAr.TKR. and R. ETitBRlD'iB. 2nd Ed. 21«. 

CAMHUIDGB. By W. II. Pennin'U .and A. J. Jukk:4-I'>kowne. is. Cd. 

CORNWALL, DEVON. AND Wi:sT S'iMKUSKT. INDK.X: to DB LA IlKCilE's Report on. Mr C. Reid. If. 

DERUV3HIRE, NORTH. By A. H. UUKKN, 0. Le Nuvr FOSTER and J. R. DAKTN3. 2nd Ed. By A. H. OBBEB 
and A. Stiiahan. &t. 6d. 

FALM(»UTn AND TRI7R0 AND MINING DLSTRICT OF CAMBORNE AND REDRUTH. By J. B. HILL and IX A. 

MacAlister. 7$.Cd. 
FKNLAND. By 8. IL J. SKERrcii:.T. S6#. Crf. 
UOLDERNES.^. By C. REID. it. 
1?LE OK MAN. By G. W. LAMl'LHlTf. 12#. 

TERTIARY FLUVIO-MARINK FoRM.VTioN of the ISLE OF WIGHT. By EDWARD FORBBS. U, 
ISLE OF WIOllT. F?y II. W. Biii.^TiMV. New Ed. By C. REIi) and A. SiliAllAN. 8«. 8ii. 
ISL»5 OF PUR!;RriC AND WEYMOUTH. By A. StkahAN. 10*. Ccf . 
Oiril'E TO GKOLOLiB AL MODEL OF I'^l.E OF PUUrM-rOK. By A. StraUAN. W. 
LAKE DIHTRICT. NORTHERN PART OF. I'.y J. V. WARD. 9». 

LANCASHIRE. SITKRFICIAL DEroSirS OF .SOUTH WF^sT. By C. E. De RASCR. 10*. M. 
LONDON AND PA IMM»F THE TH AM i:.H VALLEY. By W. WiilTAKKR. Vol. T., 6». VoL II., St. 
MIDLAND COUNni;.S, TRT.\S>lo an.l PERMIAN ROCKS of tb«». By E. HULL. 6*. 
NORFOLK and S'.'KFOLK. VKRrKliRATA of the F0RU8T KLD SERIES of. By £. T. Nswioif. 7«. Oil. 
NORWICH. By II. B. Wt»orAVAUl). 7«. 
RUTLAND, Ac. Hy J. W. Juni). 12*. Cd. 
Brupdve Il"Cki» ;— 

ERI'PnVE R MK.-4 of P.UENr TOR. By F. Ri'TLEY. I5f. 6d. 
FEI/ill'IC LAVAS of EN'fiLAXD and WALES. By F. IIUTLKT. 9J. 
Iron Ovf-it of twiot' Iii.,f:ii : --VatI II. 8.>;ith Str^fTordshire. Price 1«. Fart lU. South Walef. Price U. Stf. Part lY. 

Thp .siii-iii»!iir^ L'^lllild and North Sta(rord!*h;ro. Is. Stf. 

Ccain l''^:- 

YORKSHIKE (OALi'IELD. By A. II. Gbekn, R. Rr«s«BLL [and OthprsJ. 42f. 
EAST R«»Mi:ilS::r and BRISTOL (OAr.FIELL'.S. By II. B. V.'OODWARD. ISl. 
WARWrCKSHlilE COALFIELD. By II. H. IIOWr.LL. If. W. 

LEICESTEUSHIUE CO.VLFIELD. By EDWARD UULL. 8f. 

Lt.JI.'L»Tl:.Kt4liil(lv »ij-.i -ulTil OlIiII.Y^ullts. I oALl' iELD. By C. Fox Strvm-JW^V.-*. fit. 

NOIJTH STAFFORD ill IRK OiALFIELDS. By W. umn -x [u-l UthernJ. ft. 
SOUTH WALE.S. (See under Sheet .Memoirs, New Series.) 

Sanitation and Wat'r Supply ;— 

»OIf-S AND SUUSi)rLS fr..m a SANITVRY POINT of VIEW. By H. B. WoomVARD. 2nd Ed. If. (Wl 

WATER .sriM'LY OF s^^;^EX. By W. WiiirAKTU An>l <\ RriD. S«. 

WATEK JSL'PPLY OF BLKIvSHIHE, B." J. H. BLA'CK a-i i W. WhitakKU. 3f. 

WATER SUPPLY oF LlNt:«H,NSiIIRK. By II. B. W<..>i».iakd [rmd «>tluM.i]. 4f. M. 

WATER SUPPLY uV bUFKol.K. By W. WiniAKER I.iml oti.cril. :U ft.?. 

WATER SUPPIA' OF EAST RlDf.NU OF YuRKSIIl KE. By C. Fox-SrUANiiWAYfl, villi contiibiition.H by II. R. MlLU 8f. 

Oun Flint ;— 

MANUFACTURE OF GUN FLINTS. By S. B. J. Skertchly. 1*V. 

SIir:EI MEMOIRS OF OLD SERIES MAPS. 
Ix>ndon Sheet. Onide to the OKOLOd Y of I.o\ l»ON' in 1 N r.l- J H :i: »r K :1 • >OI>. P.y W. WhitAKKR. Cth EJ. If. 
84- • - PARTS of WILTS, and GLOrCE-iTiCK-IIIRE. By A. U. Uam-ay, \V. T. AVKLISB an! E. IIULL. 9d. 
4i . . -CUE LTE .M I A M . By E. H i LL. iJ>. Gd. 

45- . -BVNP.rRY. WOODSTtKK.and Br»^KlN»JHAM. By A. H. tJjiECS. C#. 
45 SW • -WOODSTOCK. By E. HULL. U. 

47 . . • N.W. E.^'iEX t N.E. HERTS. P>y W. Wiiit\KER, W. U. PENNINO, W. H. D.lLTOJf, A F. J. BENNETT. 2f. 6dL 
48 SW - • COLrllKr lER. By W. H. Dalt.>n. If. 6/. 
4SSE • -EASTERN" END of ESSEX (W ALTON NAZi: and HARWIiril). By W., WiifT.UCER. 9.L 

48 NW, NE - IPSWDII, H ADLEIOII, and FKI.I.KSTOWK. By W. Wimtakku. W. H. DALT«»N. dc F. J. BKNMUrT. 2f. 

49 .S. 5*) SE - ALDBOir».»r(;H, Ac. By W. II. Dalton. IMilcd. wil h additions, by W. WiiiTAKKK. If. 

49 N - • rt« »rTI I WOM K By W. Wh i ta k i:i:. V.*. Gd. 

60 SW - • .STo\V.M ARRET. By W. WiilTAKER, F. J. Bksnett, and J. If. BLAKE. If. 

50 NW - - DISS, EYE, &o. By F. J. Bennett. 2f. 

60 NE - • HA LESWORTH and H ARLESTON. By W. WiiiTAKEU and W. II. PALTOM. If, 

61 SE • • BURY ST. EDMUNDS and NEWMARKET. By V. J, \M.>i^«ll 3 .». WUKWV,. v\\>K .\;\w\«:t».. 

MNB- -PAiiTOo/ CAM ISRIDGESniRE and SUFFOLK. ^ Vf.\S\utk'R.i»VMi^v>v\\^ti\. la. 
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